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FOREWORD

The Study on ‘Pricing of Water for Industrial Use’
presented bere was entrusted to  the NIFFF by Ganga Project
Directorate (GFD), Govermment of India in October 19643, Tt‘e main
aim of the study has been to e:-:ﬁlc:)ree ways in which the price/tan
system can be used for prevmt;ng wasteful use of water and
promoting pollution abatement. 'Pbre specifically, the objectives’
of the study were: | ;

1. To examine the prevailing arrangements in  charging water

supply for industry,

2. To assess whether, and to what extent the existing
arrangements for charging for water supply for industry
bear a réalisstic» relationship with the cost of production

of water, its treatment for use, storage and distribution,

. To assess how far the e;-:isting system of charging for
water supply to industry is conducive to preventing
wasteful use of water, and the extent to which it promotes
conservation of water, hoth  qualitatively and

quantitatively, and

4, To suggest on the basis of conclusions drawn from  the
study & rational tariff system to meet the desired

objectives.

The study was conducted by a research team led by
Devendra B. Gupta and M. N. Murty. A preliminary report was
submitted in April this year.

The results contained in the study are based on  an
assesasment  of  the water pollution caused by selected industrial

wiits in the Ganga basin located mainly in Uttar Pradesh and West



Bengal  and  the practices {'ollcwec:!’ by them in  the matter of
poellution control or abatement. Zuari Agro Chemicals Ltd. located
in boa was also studied as a special case since this is  the only
it in the  sample which has consciously  followed water
conservation practices, A couple of units in the water scarce

region in Tamil Nadu were also studiexd.

In a pioneering study of this type, the conclusions are
best taken as only tentative. It is hoped that the findings of
the study .and its wunderlying approach will invite attention to the
problems of pollution caused by industrial growth and raise a
fruitful debate o ways of tackling it in a rational manner

without coming in the way of industrialisation of the country.

The Institute is grateful to the Ganga Froject Directorate
for sponsoring the study and for the interaction provided by its

officials in the couwrse of the preparation of the study.

ThHe Governing Fody of the Institute does not take any
responsibility for the views ewpressed by the authors in the

report, that responsibility belongs primarily to the authors.

August, 1969 Amaresh Bagohi
Director



The present study is an attempt to suggest a  framework
for pricing water  for industrial uses with a view to preventing
wasteful use of water and promoting pollution abatement. The
study is based mainly on the data .c:czlllea-c:ted from a nunber of
industrial wits in the country, especially in the Ganga basin,
We wish to place on record owr thanks to the erecutives of these
units since without their cooperation this study would not  have

been possible.

We  wotld also  like to take this opportunity of
expressing odr gratitude to the Ganga Froject Directorate  (GFD)
for sponsoring the study. Ouwr special thanks are due to Dr. M. K.
Ramjitsinh, Shri D. S, Ragga, Shri $. Sundereshan and Dr. 8. A.
Swamy for the extremely useful discussions with  them. The twc_:)
Seminars organised by the GFD and one at owr Institute also belped
use in clarifying many issues. To the extent possible the
sugaestions offered at these seminars have been incorporated in

the report.

In this study we received field and research support
frrom Dr. Rita FPandey, Ms. Vasundhra Chandra, Mr. Sandeep Sarkar
and Ms.  Sanjeeta Mudali. Upto the preparation of the preliminary
report, the field and research staff was supervised by Dr. Rita
Fandey, Senior Economist in the Institute. Needless without their
help, it would have been di?ficult to carry out this study.



For constant encouragement and advice in our endeavour,

we would like to place on record our gratitude to ow Director,
Dr. Amaresh Bagchi.

For excellent secretarial assistance, we would like to
thank the  administrative staff of the Institute, especially

Shri K. S. Tyagi and Shei N. Natarajan.

Devendra E. Gupta
and

M. N. Moty
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CHAPTER |

INTRODUCTION

1.1 Water As One of the Envirormental Resources

Water resouwrces are the most important among the natural
resources. These and others like air and land are regarded as
environmental resouwrces which bhave distinctive characteristics
from other natural resources like minerals, metals, fossil fuels;
etc. Environmental resources as waste receptors or receivers are
public goods, the prices of which can not be determined by market
forces. For example, market cannot 'impute 'any pr‘icg for using air
and water for the waste disposal by various economic agents
(producers and conswmers) because being public goods they are
freely accessible to all. Also, there will be a large number of
economic agents receiving damages due to waste dispopsal. In other
words it is difficult to define property rights for the private
use of environmental resources due to classical free rider problem
pe;:uliar to them. However, the other natural resowces like
minerals, etc., are private goods, ih the sense that either market
forces determine their prices or‘ property rights, for their
private use can be defined wambiguously. Therefore, these special
properties of environmental resources are to be borme in mind  in
designing the prices for their private use (industrial or

domestic)

Given the failure of the market to determine the prices
of environmental resouwrces for their efficient use, non-market
alternatives have to be relied upon for the optimal management of
these resouwrces. The classical solution is the govermnmental

intervention in the market process by levying pollution taxes on



L e s it i

the users of environmental resources for the waste disposal
(pollutors)t. Alsn, there can be programmes of direct governmental
invervention like imposition of physical constraints on  the
quality of pollutants released by the industry, etc. However,
given the history of failure of governmental programmes for the
management  of environmental resowrces, it has been now realised
that there is a need for having non-market and non—governmental
alternatives for their management. We have some examples of this
type of programmes in which wvoluntary organistions or people’s
societies participate in the management of environmental resources

like forest resources.
1.2 Cost of Water for Private Uses

The private use of water can be either domestic or
industrial. The cost of water for private uses consists of two
components:  (a)  private cost/cost to the user and (b) social
cost/cost to the society. The private cost is the production cost
of water which depends upon its source (tubewell, river, lake or
canal). For example, if the user draws water from the ground water
sources,  the cost of water is cost of investment on tubewell as
well as its operation and maintenance cost. Altermatively, if be
draws water from a nearby river or lake, the private cost is cost
of punping water from its source. Therefore, in his private profit
calculations, the user imputes a price to water that is equivalent
to its private cost of production.

The use of water }er industrial or domestic puwrposes
inflicts a cost on the society if the user freely disposes

1. See Figow (1932).

2. See Chopra, Kadekodi & Murty (1988).



The use of water for industrial or domestic purposes
inflicts a cost on the society if the user freely disposés
residual water with pollutants into a water body (river or lake).
Since the users of a pol.luted river are normally large in number,
the damages from water pollution are E‘eceived by the society at
large. The sum—total oAf damages received by all the users of river
is the cost to the society. Therefore, for the efficient
management of water resowrces, the price for the private use of
water should consist of this social cost apart from the private
cost defined above. The public water supply authority can easily
estimate its production cost of water because it possesses all the
required data. However, the estimation of social cost is difficult
given that damages from water pollution are received by a large

number of people.
1.3 The Froblem of Water Conservation in Induatries

The price of water also depends uponl supply and demand
for it in ‘a given situation. In wet regions or at locations of
factories where there is either bountiful ground water or a big
river, the price of water is uwnaffected by the demand for it. It
only depends upon the production cost of water. On the other hand
in the dry regions with megre water resouwrces, it is demand for
water that determines its price. For example, in the Gangetic
basin where the ground water table is very high the cost of
production of water is arouwnd Rs 0.20 per kl. as given in Table
.1, Given this low cost of supply of water, naturally, the
faﬁtories have no incentive to conserve or recycle water in this
region. However, there can be gains of water conservation for the
factories located in the dry regions for the full demand for water
is not often met from the local sources. In such situations, the

price of water is determined by the cost of conservation.
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The water conservation by industries is obtained by
recycling and reuse of water. Rec!_t“:_]:ing is defined as the
internal use of waste water by the\ original user prior to
discharge to a treatment system or some other point of disposal.
The reuse of water implies withdrawl by any user other than the
discharger of waste water (Tyagi, Sengupta and Chakrabarti, 1989).
The reclaimed residual waters of industries, and municipalities
are generally used for (i) irrigation; (ii) industrial cooling;
(iii) alga and pisciculture, and (iv) other industrial uses.

Figure 1.1 shows the possible uses of reclaimed water.

The economic benefits from water conseratjpn by the
municipalities and industries can be in the form otdeneration of
energy, production of manuwre, alga (for poultry feed) and fish,
growth of hyacinth for bio-gas production, treated effluents for
irrigation apart from pollution control. The waste water from 27
Class I cities in the Ganga basin has been estimated at 902
million litres per day. The benefits from this waste water are
estimated at Rs 37 per capita (Tyagi, Sengupta and Chakrabarti,
1989) .

The total number of large and medium water polluting
industries in the cauntry is around 4,000, out of which about 5@
per cent have effluent treatment systems. The benefits from water
conservation in the industries are significant as shown in  Table

1.1.

1.4 Methods of Fixing the Price of Water

The original solution to the problem of water polilutim
control is the imposition of pollution tax (cess) on the use of

water. The determination of pollution taxes for the optimal



management of water resources requires the estimation of damages
received by the pollutees. The pollution taxes and standards
approach® avoids the formidable problem of estimating damages from
water pollution. Given the environmental standards which may be
determined through a political process, this method requires the
levying of pollution taxes on pollutors such that they incur some

cost on pollution abatement to realize pollution standards.

An interesting and difficult problem' of pricing of water
arises in the case where local administrations/municipalities
offer the services of sewage treatment to pollutors. Industrial
units normally generate a vector of water borme pollutants with
distinctive physical and chemical characteristics. It may be
therefore difficult to express all the pollutants in common
homogeneous wnits so that a single pollution tax can be levied on
all the industries for realising the pollution standards.
Therefore, the municipality may have to charge different prices
for treatiné different pol lutants. Thus the problem of determining
prices/taxes may be similar to the problem of determining prices

of commodities jointly supplied by a public utility.
1.5 About the Study

The plan of the remaining study is as follows. Chapter
Il provides a brief review of the methods of environmental
pollution control. It discusses the pr‘oblein of measurement of
benefits from pollution abatement and highelights various non-
market solutions for the management of environmental resources.
The methods of fixing the pollution taxes under two scenarios: (a5

a scenario without pollution standards and (b)) a scenario with

e See EfaLungll & Dates (1979) and Murty & Nayak (1982).



pollution standards are presented. Chapter III discusses in detail
the problem of bricing of water for industrial uses. It provides
the methods of estimation of private cost and social cost of water
supply which naturally form the basis of deterwnining the supply
price of water. Also, considering a municipality as a public
utility offering services to treat various water borne pollutants,
a method of fixing different prices/taxes for pollutants is
suggested. Chapter IV reviews the current practices of Water
Pollution Control in India. Chapters V - XVI deal with case
studies of distilleries, textile mills, tanneries, fertiliser
plants, vegetable oil mills, caustic soda, o0il refineries, gun and
shell, paper and pulp, sugar, man-made fibres and water supply
undertakings which help to formulate guidelines for fixing price
of water for industrial uses. Finally, Chapter XVII provides

recommendations and conclusions.



Figure - 1,1
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Source: Science Reporter, April-may, 1989,pp.195, fig.1.




TABLE 1,1

Bénefit of Recovery System in Industriss

Industry Total Total Net Invest- -

Waste- Cost Anual ment

water of Plagt Reco=- Payback Remarks

Flou (R.x10”) very Period

3 Rse 3
(m3/d) ( 3x Year
10%)

Textile 6450 4625 4375 1.05 Recycle in
Industry process house
Alcohal 1725 2250 975 2,30 Reuse of energy
Industry in process house
Food 1460 10500 4250 2,47 Recycle for
Processing irrigation/proces

house and reuse
of energy.

Viscose Rayon 4500 200 36 5.5 Recovery and
Reuse of zinse.
Foreign exchangs
saving,

Source; Personal communication from Br, P, Khanna, Director,
NEERI, Nagpur, in "Science Reporter®", April-May,
1989, p, 196, Table~3.



CHAPTER 11

ON THE MANAGEMENT OF ENVIRONVENTAL POLLUTION

2.1 Environmental Follution and Market Failure and
Non-Market Options for Its Management

Environmental pollution is a process by which resouwrces,
natural or manmade, are made less useful due to physical, chemical
or biological factors.® Environmental resowrces like air, water,
land and forests may be regarded as public goods in the sense that
benefits (damages) from preserved (destroyed) environment accrue
- to a large number of economic agents (producers and consumers  in
the economy). For example, the pollution of water has the effect
of damaging municipal and industriai water supply, irrigation and
commercial fishing, and a variety of water based recreational
activities such as aesthetic enjoyment and sports fishing. The
wide spread destruction of forest resources contributes to
denudation of hill slopes, increased silt in the rivers and the
consequent flood and reduced precipitations which affect the lives
of many people. The air pollution affects the health of everybody.

Given that environment is a public good, there can be .
over-exploitation of environmental resources in the free market.
Industries freely dispose their wastes into water, air and land.
Forest resources can be over exploited for commercial benefit. The
preservation of environmental resowces or the control of
pollution can be facilitated if pollutors or some other agents in
the economy incur some costs. In other words, a given amount of

nation’s cake (national product) can be produced with clean

4. See Dasgupta & Marty (1988).



environment by incurring some additional cost on pollution
control. The net result is lower national product with clean
environment relative to that of with polluted environments. The
private profit maximizing producérs of pollution intensive
commdities like chemicals, fertilisers, paper and paper products,
leather and leather products, thermal power, textiles, etc., have
no  incentive in the free market to incur any cost to control
environmental pollution. Therefore, we have to look for non-market
alternatives for the pollution control. The classical solution to
pollution control is governmental intervention in  the market
process.® There are various govermmental programmes for the
management of environment. They are (a) Progranmes akin to the
market processes; {(b) Direct government investment in  the
pollution control, and (c) Direct physical controls on pollutants.
The first includes programmes like pollution taxes and subsidies,
issuing property rights for the use of environmental resources,
etc. The second refers to programmes like waste water treatment
plants and afforestation while the third refers to upper limits on

the levels of pollutants.

Let us discuss in detail the programmes akin to market
processes to control pollution. The pollution taxes have to be
determined taking into account both pollution abatement costs of
pollutors and the damages suffered by the receivers. In order to
understand this, let us assune that there is a tannery located on
the river generating water borme pollutants that are released into
the river. The cost function of the tannery may be written as Gy
(Y, E) where Y is the leather produced and E is the effluent

Sa See Section 2.2 of this Chapter.

6. See Figou (1932), Baumal (1972) and Murty & Nayak (1982).
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gererated. We have 3C,[dY: @ and dGBE< 0. That means for any
given quantity of leather produced, the less is the water
pollution, the more is the cbst of producing leather. Altanner'y
can produce leather withcn:lt water le lution by incurring
additional cost on pollution abatement. The receivers of damages
from pollution in this case are down stream water using
industries, municipalities, fisheries development etc. If there
are N receivers producing N commodities *(X;, i=1,2...N), their
cost fuictions are given as cm(xls), i = 1.2...N with

3¢; [3%:2 @ and QC,;/AEz @. Thus water pollution is an
external diseconomy received by a large number of users; the
higher being damage/cost to the receiver, @ the gr'éater‘ the
pellution. Given the levels of activities of polluting and
receiving industries ('\7, 71, 3(-2,......‘)(—,,)_. an efficient management
of environmental pollution l;'equires minimisation of combined cost
of all industries with respect to E. Thus we have

n th
C=Ci (s, ) + = Cad}Xsy E)

for minimising € with respect to E, the first order conditions

are given as

dc AL, N 3 Cas
st et A e “° 2
3C. N J Cas

o st & d E

Condition = (2) shows that optimal control of
environmental pollution requires that the marginal pollution
abatement cost to the generator should be equal to the sum of
marginal damages suffered by the receivers. The following diagram

explaing this point further. For the sake of an illustration we
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assume  that there is only one receiver of pollution and his cost
function is Cz(X,E). Assumning further the cost functions are
conver,. the vertical distance between two curves representing C,
and Cz in the diagram is the combined cost of producing fixed Y
and X for any given level of pollution E. The optimun level of
pollution is the one that minimises this distance which is given
by EX in the Diagram. At EX, the marginal abatement cost to the
generator (given by the slope of Ci) is equal to the marginal
damage to the receiver (given by the slope of C). Given the
convex cost function, the generator has an  incentive to reduce
pollution to the level E\ (at which total production cost of Y is
minimised) in the free market which is obviously far from optimum.
Therefore market fails to bring down the pollution from IE\ to E*,
the optimaun level.

c /N C.L?, E)

(%D
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A pollution tax on the gaﬁerat(;)r " that is equal to
marginal abatement cost corresponding to the pollution level EX
may compel him to incur an additional abatement cost worth DF in
the Diagram to reduce pollution level from fZ\ to EX. Given the
increasing marginal abatenmf cost  in ‘the range?l to EX, the
generator has an incentive to spend an amount equal to DF on
pollution abatement rather than paying the tax. It is so because
in this situation his tax liability will be higher than the
abatement cost he has to incur to bring down pollution to EX. Thus

a pollution tax which is determined as

fo - 90 _ 0Ca
dE SE

will do the trick of bringing optimal control of pollution. But
corresponding to the optimum pollution level EX, there is a
sharing of total cost of pollution control by the generator and
the receiver. In Diagram 1 the total cost of pollution control is
egquivalent to (DF + HC), where DF is the share of generator and HC
is the share of receiver. Therefore, the implicit assumption in
the pollution tax programme is that the receiver automatically

incurs cost equivalent to HC to avoid damages caused by pollution
at the level EX.

Alternatively pollufim may be controlled by defining
property rights for the use of environmental tresources for the
waste disposal. A0 example is a case of imposing liability by law
on the generator of pollution for the damages suffered by the
receiver.” In this case, the total liability of the generator to
control pollution to EX say in Diagram 1 consists of two parts;

: A
DF, the cost of bringing down pollution from E to EX and HC, the

7. See Marchand & Fussel (1973) and Murty & Nayak (1962).



compensation made to the receiver for the damage due to generation
of EX amount of pollution. kavever; the effluent levels achieved
through property rights arrangements like this may not be Same as
the levels achieved_throt.tgh Figouvian/pollution taxes.®  However,
given that environment is a public good and the pollutor is a free
rider, one may think that it is natural to ask the pollutor to
bear the entire cost of pollution control.

In many developing as well as developed countries, there
is now a clear evidence of failure of governmental programmes for
the management of environmental resources. The failwre of
government is strikingly evident in the  management of
environmental resowrces like {orest’, resources® in many developing
cantries which can be attributed to several reasons.*@ Sone of
these are (a) public goods character of forest resa.lr‘c:es' and
consequent high policing c;crssts; (b) Temptation of national
governments to over exploit forest resowrces for their immediate
development benefits and (c) Uncontrollable demand from the rural
poor to exploit forest resources for necessities like fuel  wood,
grazing cattle, etc. In this type of situations, one may have to
look for non-governmental and non-market altermatives for the

management of environmental resowces. Some studies have found

8. Figouvian taxes or pollution taxes are the first best
programmes for pollution control. The effluent levels
achieved and the levels of production activities realised
through these taxes are Fareto - optimal levels. The

property rights arrangements for environmental pol lution
control may not necessarily be the First Best Solutions.
See Murty & Nayak (1968).

9. See Chopra, Fadekodi & Murty (1988).

10. As mentioned earlier, over exploitation of forest resources
may affect the precipitations and thereby water resources.
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that in certain situations, it is possible for the village people
to par‘ticibaté in the preservation of local forest resowrces. The
preservation is possible with people’s participation if it is
complementary to the develbment of their income earning assets

like cattle wealth, irrigation land, etc.
2.2 Benefite from Environmental Pollution Control

It may be convenient to distinguish between two types of
benefits from the environmental management. One type of benefits
ﬂ{e\y be identified as consumer surplus benefits of all users of
pollution free environmental resources. The other category of
benefits can be represented by tfe existence bequest and option
demands for environmental resources. The ‘existence value’ of a
natural resowce is defined as users’ willingness to pay for the
knowledge that it is preserved, its ‘begquest value’ as the
willingness to pay for the satisfaction of endowing future
generations with preserved environment and its ‘option value' as
the willingness to pay for the opportunity to choose from among

its competing altemative uses in future,?*?

Measurement of benefits from the  preservation of
environmental resources poses formidable problems. Given the
public goods nature of these resources, there may be one or two
pollutors  but  the receivers of damages from the polluted
environment or beneficiaries of preserved environment can be in a
very large number. Therefore, the first category of benefits have
to be estimated by measuwring damages avoided or consumer

willingness to pay of a large nunber of users of preserved

11, See Dasgupta & Murty (1982) Werisbrod (1964) and Henry
(1974) .
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environment. However, the cost of gathering the information to
measure these benefits can be prohibitively high. Even if we
attempt to get the information about users willingness to pay for
the preserved environment through a direct interview method, the
estimates of benefits arrived at may understate the actual
benefits. The users, may actually understate their benafits
keeping in mind the impending taxes to finance the pfeservatim of
environmental resources. They are free riders on the preserved
environment and may get benefit without contributing their share
of cost for preservation. Recently some attempts have been made to
guantify the existence, option and bequest values of environmental
resourcest®  the details of which are beyond the cope of this

study.

Environmental resouwrces can provide multiple benefits.
For example, water resources provide irrigation, power, fisheries,
drinking water, navigation and recreation. However, there can be a
trade-off between some of these benefits. The use of water for one
purpose may  permanently pre-empt the pqssibility of using it for
other purposes. In other words, there can be irreversibilities in
the use of environmental resources. For example, the building of a -
dam would mean  that preservation of a river valley in its wild
state for the present and future recreational facilities is
excluded. In the case of water resources, there may be also cases
where unabated pollution for a certain period of time may make the
resources pernianently useless. For example,} because of commercial
exploitation, pollutants can accumlate over time in a lake and if
within a certain period, (the length of which depends on the
nature and extent of pollution and the properties of lake itself),

the attempts for pollution abatement are not made, the lake can be

12, See Greenly, Walsh and Young (1981).
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permanently destroyed.

The problem of choice among altermative uses of
environmental resources can be better explained by considering the
choice between developmental and preservation uses of these
resources. There may be an asymmetry between developmental and
preservation benefits. The benefits from development are likely to
be decreasing whereas preservation benefits are likely to be
increasing over time.*™ Take for example, the hydro-electric
power, one of the most important developmental benefits from water
resources. The conventional measure of benefits of a hydro-
electric power project at any point in time is simply the
difference in costs between the next best alternative source and
the hydro project. This assumes that power provided by the two
sources 1s  the same so that gross benefits are equal and the net
benefits of the project is the saving in cost. However, over the
relatively long life of a hydro pi"oject, the cost of the best
altermative sowrce of energy can be expected to decrease
continuously with the technological progress in power generation.
This implies that benefits from hydro project are correspondingly
decreasing over time. On the other band, the preservation benefits
of water resources may be increasing over time. Empirical evidence
suggests a rapid growth in the demand for wilderness recreation
which is an important conservation benefit. Growing population,
rising educational levels and increasing per capita income, with
people having more income to enjoy recreation may contribute to
increasing preservation benefits over time. Therefore, choice
among alternative uses of environmental resources have to be
affected after careful evaluation of all these benefits.

1=, See Dasgupta & Murty (1988).
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2.3 Standards-Taxes Approach for the Management of
Environmental Resources

The first best  solution  that marginal pollution
abatement cost incurred by the pollutor is equal to the marginal
damages suffered by the receivers of pollution may not be possible
to achieve in practice for the optimal management of environmental
pollution. The classical solution of Pigouvian taxes to obtain
this requires the information related to damages received by all
the recipients of pollution. The estimates of damages received by
various pollutees are ?‘equired even in the case of other pollution
control programmes of govermment involving direct govermment
investiment. They are required because the damages avoided due to
direct government investment on pollution abatement are regarded
as benefits from that investment.

The  formidable problem of estimating the damages
(benefits) from the environmental pollution (pollution abatement)
may be avoided by using a political process to determine
environmental standards. The selection of environmental standards
can be viewed as a particular device utilised in a process of
collective decision making to determine the appropriate levei of
activity involving external effects.?® Thus in the case of water
resources, on the basis of evidence concerming  the effect of
polluted water on recreational services and aguatic life, one may
decide that the bio-oxygen demand (BOD) and chemical oxygen demand’
(COD) requirements of the foreign matter _cmtained in a water way
should not exceed certain levels. These acceptability standards of
pollution are the set of constraints that the society places on

ite pollution generating activities. They represent decision

14. See Baumal & Oates (19795).
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maker’'s subjective evaluation of the minimun standards that must
be met in order to achieve what may be described as a reasonable

guality of life.'®

Given the environmental pollution standards, we have a
choice among various governmental measwres discussed in Section
2.1 to control pollution according to these standards. Indirect
methods like taxes may be preferable to direct controls to achieve
the standards. Government can levy a uniform =et of taxes that
would, in effect, constitute a set of prices for the private use
of water. The tarxes could be selected to achieve specific
acceptability standards. For example one might tax all tenneries
emitting waters into a river, at a certain rate, where the tax
paid by a tannery depends on the HID value of effluents according
to a fixed schedule. Each polluting mill would then be given a
financial incentive to reduce the HOD content of affluent it
discharges. By setting the taxes sufficiently high., the government
watld be able to achieve the predetermined pollution standards.

15. See Dasgupta & Muty (1985).
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CHAFTER 111

THE PROELEM OF WATER POLLUTION ABATEMENT AND THE SUPFLY
FRICE OF WATER

3.1 Two Components of Price

The szupply price of water for industrial uses consists
of two components: (a) Cost to thev producer and (b) Cost to the
society. The cost to the producer consists of production and
distribution cost of water. The production cost is cost incurred
in drawing water either from surface or underground sowrces while
carry water to the final user. The altermative sowrces of water
for industrial uses are (a) rivers/lakes, (b)) canals and (c)
tubewells. v Depending upon the sowce of water supply, *he
production cost of water can be different for different industrial
uwits. In most of the towns and cities, the industrial units may
have two options for water supply: (&) Supply by local/municipal
administration and (b) Their own production arrangements. Most Df

the units swveyed by us for this study avail both the options.

The estimates of commercial costs of supplying water by
local administrations and by own arrangements of industrial uwnits
show that costs are high for the supplies by local administrations
in relation to costs associated with the own supply arrangements |
by the industrial wits. Table 3.1 provides estimates of costs of
supply of water for Hanpur Water Supply Undertaking and various
industrial units at 1987-68 prices. The high cost of municipal
water supply may be attributed to high distribution costs.

The water bodies are important environmental resources

that receive industrial pollution. Given that water resources are
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public goods, the classical free rider problem operates and
various ndusitrial wnits freely dispose their wastes into  the
rivers and lakes. Since the users of these resources are many, the
damages suffered by them can be enormous. The commercial/private
supplier of water may not take into account the cost inflicted on
society by the use of water by industrial uwnits while fixing the
price of water. Nor the users of water (industrial wnits) bother
about social costs (damages suffered by many) due to water

pollution contributed by them.

As explained in Chapter 11, the damages D'F‘ water
' pollution can be avoided either by polluting industries incuwring
some pollution abatement cost or the users spending money to avoid
the damage. Given the large number of users of water resouwrces, it
is prudent to make polluting industries incur abatmgnt costs. The
structuwre of supply of water to various surveyed industrial units
suggests certain practical methods of controlling water pollution.
In the cases where local administrations supply water to
industrial units, the price of water should consist of production
cost plus polivtion tax. Local authorities in this case have the
responsibility of treating polluted water from various uwnits the
cost of which is met from the pollution taxes. Alternatively
polluting units can have the option of either paying the pollution
tax or have their effluent treatment plants. Units baving their
own  arrangements for water supply should be charged pollution
taxes if they do not posses their own effluent treatment plants.
Table .2 provides information about implicit price of water

charged by Fanpur Water Supply Authority during past five years.

3.2 Environmental Standards, Follution Control Technologies and
a Method of Setting Price of Water for Industrial Uses

In a2 given situation there can be a choice anong
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altermative technologies for the environmental pollution control.
We can classify these technologies as abatement technologies that
are available to pollutor and the avoidance technologies that can
be used by the receiver. In other words, the problem of
environmental pollution can be tackled by incurring some cost
either by the pollutor or by the receiver and by a cost sharing
arrangement betweenn them. The pollutors may have a spectrum of
technologies consisting of (&) end of pipe treatment methods, (b)
process changes 1n production and () guality changes in output.
Similarly the receivers may have various options like change in
the location of factory, etc. For example a thermal power plant
will cause air pollution, the damages from which can be reduced
either by using primitive technology like increasing the height of
the chimney or by using the most modern technology like electro—
static precipitators. The near by laundries which are some of the
receivers of air pollution can avoid damages by either changing

their location or having indoor dryers.

The optimal arrangement for controlling pollution is to
minimise the cost to the economy for achieving gi/en environmental
standards. This arrangement suggests that pollutors and pollutees
have to adopt a mix of abatement and avoidance technologies that
minimise their combined cost of pollution control. Various
governmental programmes described in Chapter‘ I1II bhave to be
considered to achieve this. Suppose government wants o use
Figauwvian taxes to control pollution/achieve  environmental
standards. It then needs information about cost of achieving the
standards under alternative mix of technologies available to
pollutors and pollutees. Considering each mix of technologies as a
package available to pollutors and pollutees, the resource cost of
each package has to be estimated to facilitate a choice among

technologies to control pollution. A method of estimation of this
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rescurce cost is given as follows:

: Let

I,: Investment cost of 1th package at market prices after
deducting indirect tax payment i= 1,2...5

Osw: Operation cost in the year t during the life of ith
investment after deduction of indirect tax payments.

r: Social time preference rate

T: Life of Investment

Res The volume of polluted water/residual water released by

the factory in the year t.

Assuming that all the investment cost is incurred in  the inifial

year, the present value of resource cost of ith package can be

computed as

o
FCi = o + { — 1)

t=1 (1+r)*

Given the time stream of effluents treated (Ris Rza...Re) during
the life of investment, the choice among altermative packages to

control pollution can be made as
min (FCu), i =1, 2.v....5 (2)
i
The per unit cost or cost per kilolitre of polluted water for the
least cost package is given as
C* = Min (FCL)/R,
i

T
where R = Z R
t=1

33% W7o wl¢& 095>
C;"f ﬁ?%j «%J; |
o Mese



Having made the estimates of resource cost of pollution
control at market prices, the next step is to make the estimates

of social cost?® or cost at shadow prices as follows:

Let

If’ : Domestic material component of investment of ith
package 1 = 1, 2...5

Ig‘ : Foreign exchange cénpcnent of investment at cif prices
in domestic rupees

I.: : Unskilled labowr cc;m:x:nmt of investment
I =19 +1 f + I

[3? : Domestic material (other the'\‘n energy) component of
operation cost of i1th package

Di : Imported input component of operation cost at cif
prices in domestic rupees

Dz' ! Energy component of operation cost

O : 02+ 0F + O

F e : Shadow price of energy

Fe: : Shadow price of foreign exchange

Fx ! Shadow price of investment

'y : Ratio of shadow wage rate to the factory wage rate

The present value of social cost of ith package is computed as

FECa = [Py I3 + Fe I{ + Fy 121

146, See Dasgupta, Sen & Marglin (1972).
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A

i=1 (1 + r)* .
Then the social cost per uit of effluent is given by

A min
cC= (PSC, ) /R
i
The above described method gives us the resource cost of
environmental pollution control per wit of polluted water
releasad by a factory. Altermatively, for the sake of finxing the
price of water for industrial uses, we can obtain the pollution
control cost per uwit of water used by the factory given the
information about the guantity of water used by the factory during
the life of investment on pollution control. As explained in
Section 1 of this chapter, another important component of cost of
supply of water to industries is its production cost. Given that
thers can be alternative sources of water supply to the industry,
this cost is sowrce specific. Let the investment and operation
cost of jth sowce of water supply be Gy and Fy, 3 =14 2....H.
Given the life of investment as T years, we have the present worth

of procduction cost of a given timestrea of water supply (Wi,

T Fie
FVs = Gy + X
t=1 (1+r)%

Then the per unit cost of water supply from the least cost sowrce

is given as
e o= (FVs) /Wy 3 =1, 2,...H , (7)
J
T
where W= & W

Following the same procedure described above for the estimation of



soclal cost of pollution control, we can estimate the social
production cost of a unit of water as

A min
b = (FoV /W, 0 =1, 2,...H 8)

where FSV,; is the present worth of social production cost of water
from the jth source. From (3), (5, (7) and (8), the average cost

of water supply is given as

px = Cx + kX at market prices &9
A .
6 =€ + K at shadow prices (1

In the above analysis, we are considering the volume of
effluents in terms of polluted water released by the factory.
However, the toxicity of pollutants depends upon  the natwre of
pollutants in the water. The type of pollutants carried by
residual water and their toxicity vary among the industries
producing different commodities. Therefore, given the pollution
standards, the cost of pollution control per kilolitre of residual
water can be different for different industries. Also in Section
2 of Chapter II, we have explained that pollution tares at
optimwm are equal to marginal abatement cost to pollutors and
marginal damages/pollution avoidance cost to pollutees. Since the
pelluting industries differ with respect to the type of pollutants
and their toxicity, the cost functions of pollution abatement for
pollutors and the damage functions for the receivers can be
different for different industries. Thus the marginal pollution
abatement cost and marginal damages per kilolitre of residual
water at optimum can vary across industries suggesting deferential
pollution tares among different industries. This is also true with
standards—-taxes apptoach described in Section 2.7 of Chapter 1I1.
We shall have differential pollution taxes for industries if the



Follution Control Board wants to impose taxes on the basis of a
bilolitre of water used/released or a wnit of commodity produced.
However, 1f all the water borne pollutants can be expressed in
homogeneous  uwnits recognising their relative toxicity, a wniform
pollution tax per wit of peollution will be the optimal tax.
Altermatively if we can identify a vector of water bome
pollutants specific to the industry, a wiform tax on each
pollutant across the industries may be optimal. For example, the
optimal rate of pollution tax on EOD can be the same for all the
industries. These are the practizal problems for  the
implementation of pollution tares and the choice among the methods
of taxation has to be made depending upon the availability of

information.

The first component of price of water defined in (1) is
production cost while second component consists of two parts: the
pollutors”  cost of abatement (k) and polutees’ cost of avoidance
of damages (k). Asswning constant retuwns to scale (constant
average cost) in the pollution control, the optimal pollution tax
is given by t = ky = k. However, it is important to recognise
that both in the case of Figouvian taxes and taxes and standards
method, it is assumed that the receivers use cost minimising
damage avoidance 'tecl'nologies in the free market once pollution
taxes on pollutors are used to control pollution/achieve
standards. Thus they ensure the sharing of cost of pollution
control by the pollutors and pollutees. But one may argue that in
the absence of enforcement of any pollution control programmes,
the pollutor as a free rider benefits at the cost of rest of the
econony  (pollutees) and therefore in an ideal pollution control
programne be bas to bear the entire cost of pollution control.
Therefore a just pollution control prcagfamne to achieve standards

may consist of a tax on the pollutor and subsidies to the
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receivers. In such a programme the taxes on pollutors and
subzidies to receivers should be set such that the total cost of
pollution control is met by the pollutor and pollutors and
polutees are using cost minimising pollution control measures. In
this case,subsidies to receivers bave to be financed from taxes
on the pollutors. Thus the polluting factory has the liability for
the damages received by the poliutees as explained in Section 2.1

of Chapter II.
2.3 Shadow Prices

The estimation of social cost of water for industrial
uses  requires  the ‘values of shadow prices of inputs like
investment (capital), wiskilled labouwr, foreign exchange and
energy as described in Section 2.2, The shadow price or social
epportunity cost of an input is the incremental welfare in the
economy by using one more unit of this input at margin. The
shadow prices are also known as accounting prices in the social

cost-tenefit analysis. -

In a capital scarce developing economy there may be a
social premium on investment over and above its market price. In
other words in such an economy, the shadow price of investment is
higher than its market price. The LNIDO approach to project
evaluation (Dasgupta, Sen and Marglin, 1972) defines the shadow

price of investment (F:) as

: (1R
Fy o= e———
r—(R
where r: Social time preference rate

R: Rate of return on investment

: Marginal rate of savings in the economy
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for example given r = @.18, R = @.18 and @ = B.20 we have an
estimate of F: as 2.25. That means the social opportunity cost of

a rupee of investment in the economy is Rs 2.25.

In a developing economy the actual level of investment
may be far less than what is supposed to be optimal level of
investment. The sacial time preference rate is the rate of retwmn
on investment that corresponds to optimuam level . of
investment/savings in the economy. Therefore, assumning dimmishing
retuns to investment, the rate of retuwn corresponding to actual
level of investment can be higher than that is associated with the
optimal level (eocial time preference rate). Flanning Commission
(forthcoming) provides estimates of rate of retuwrn and social time
preference rate as 18 and 11 per cent for the Indian economy. The
national accounts statistics of Central StatisticA@lOrganisation
(C.5.0.) provides estimates of average rate of savings in the
Indian economy which form a range of 20 - 25 per cent for the

recent years.

The shadow price of foreign exchange may be higher than
its market price (official rate of e;-:chénge) in an uwnder developed
country with the scarcity of foreign exchange. The foreign trade
policies of govermment for controlling the deficit in balance of
payments in the situations of limited supplies of foreign exchange
will introduce the distortions in the foreign trade sector so that
there 1is a social premium on foreign exchange over and above its
market price. The investment project appraisal metbods (for
example INIDO method) provides detailed procedures tor estimating
the shadow price of foreign exchange. The recent estimates of
shadow exchange rate for the Indian economy based.on UNIDO method

form a range of 1.70 -~ 1.50 (Flanning Commission, Forthcoming)

.
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implying that there is a 7@ to 90 per cent social premium on
foreign exchange over its market price or official rate. However,
the Indian Flanning Commission currently imputes a 25 per cent
social  premiwn on foreign enchange for estimating the social

benefits of investment projects.

In a labouwr surplus economy, the social opportunity coét
of employing wnskilled labour on industrial projects may be less
than i1ts projecct. wage. There are direct and indirect costs to
the economy from labour employment on industrial projects (UNIDO).
The direct opportunity cost is agriculturall income foregone by
shifting labouwrers from agriculture to industry while the indirect
opportunity cost is loss of savings in the economy due to
redistribution of income from rich to poor as a result of
labour employment. The loss in savings/investment carries with it
social cost because there is a social premium on investment in a
capital scarce developing economy. The direct opportunity cost of
wnskilled labouwr may be region specific in a big country given the
cost of migration of labouwr from region to region. In this study,

we have, therefore, used project specific estimates for the shadow

price of unskilled labouwr.

Apart from capital and foreign exchange, there may be
other inputs like fuel or energy which bave shadow prices higher
than their market prices in the developing countries. For
tradeable fuel inputs like coal and fuel oils, the social cost of
foreign exchange used to import them can be estimated using the
shadow exchange rate. However, for a non—tradeable input like
electricity, the shadow price is its domestic resowrce cost which
has to be estimated using information about the produc:ticn

structure of the economy (for example input-output table).



Z.4 Differential Taxation of Pollutants : An Altermative Method
of Pollution Control

The water borne pollutants of an industry constitute a
vector and as explained earlier they differ with respect to their
toxicity. The uniform pollution tax across the industries requires
the pollutants to be expressed in common units. However, 1t is
difficult to define a common unit to measure water pollution given
widely wvarying physical and chemical characteristics of
pollutants. Therefore, differential taxation (different rates of
taxes on different pollutants) may be necessary to optimally
control  water pollution. In order to explain this problem in

detail let us define the following:

E = (E1s Ex...En?: & vector of pollutants generated by a

factory.
Ty (Y.E): Cost function of a generating factory.

Coay(X3.E): Cost function ot jth receiving f=ctory, i=1,

2...H
Given the levels of production of generating and receiving

industries as V, Yt, Xzu s ?Q, the optimal control of pollution

requires minimisation of

- H -
Ca (Y, E) + = (O (ﬁ, £) with respect to Ex, 1 = 1,

m— 1= 1, 20ccn..N (11)



which can be achieved by fixang taxes on each polliutant such that

oCy _ % 9C=s

bEi J=1 aEi -

t_1=

To achieve given pollution standards, the tax on each pollutant

can be uniform across the industries.

In order to - understand the limitations  and
practicability of this rrethcd;. let us consider the Sewage Disposal
Department of a local administration/municipality. This department
may be treated as a public utility supplving the services of
sewage  treatiment to various industrial wnits. It has an effluent
treatment plant based on end of pipe treatment method for
pollution control. Being a public utility, it has no profit motive
and Jjust wants to recover the cost of treatment of effluents from
the factories. The effluent (usually residual water in the case of
water pc:)l»luticnn) consists of a nunber of pollutants with different
physical and chemical characteristics and the municipality has to
design differential taxes to recover the pollution abatement cost
following the rule given in (12). If there are decreasing retuns
to scale and there are no joint costs in the pollution c:mtrol,
the optimal tax rules to realize the given pollution standards
guarantee the recovery of full cost of treatment. However, the
pollution control by the municipality may be typically
characterised by increasing retuwns to scale with joint production
which is normally the case with many public utility services like

posts and telegraphs, railways, roadways, etc.'” Sewage disposal

17. See Jha, Murty and Satya Faul (1988). .



by the municipality is a case of joint production because it has
to treat a vector of water borne pollutants. There are also
evidences of i1ncreasing retums to scale in water pollution
control.*® In such situatims;, the tax rules defined in (12)
cannot guarantee recovery of full cost of pollution treatment by

the mwnicipality.

The problem of fixing pollGtion taxes is then similar to
the problem of setting prices of commodities/services jointly
supplied by a public utility. The municipal sewage department may
be jointly supplying services of treating different effluents and
its effluent treatment cost may consist of a joint (wnallocable)
cost and attributable cost. One of the central problems of public
utility economice is to design pricing rules taking into account
the problern of alloccating joint costs among different services.®
The cost effective prices for Jjointly supplied services are
normally determined by using certain arbitrary methods for
allocating Joint costs among different services. 0One of such
arbitrary methods is based on relative guantity/volume for
allocating joint costs among difterent services. The prices
determined relying on such arbit-rary methods may contribute to
higher prices for some services and lower prices for others in
relation to their true costs of supply. Thus in the case of sewage
treatment, pollution taxes based on these methods may encourage
the release of certain pollutants while discouraging others. In
other words there may be a cross subsidisation in the supply of
these services. Therefore if pollution taxes have to be designed

such that they are cross subsidy free, tax on each pollutant

18. See Dasgupta and Murty (19689).

19. See Jha, Murty and Satya Faul (1988).



shoutld be cost effective or equal to true cost of its treatment.
It 1is shown in the pablic utility literatuwre that for a
puiblic utility bhaving certain type of cost functions, 1if prices
for its various services are determined relying on cost estimates
made by allocating joint costs on the basis of relative
attributable costs of different services, the prices so set are

cross-subsidy free®®. Suppose

J: Joint cost of municipal sewace department
A: Total attributable cost of sewage department
C=J+: Total cost of sewage department

As: Attributable cost of treating ith pollutant, i=t,
2...M

Ci:Total cost of treating ith pollutant.

Then  following the attributable cost method for allocating joint

costs among different services, we have

Ay
Co =Ay +a, J, where ag=— , 1 =1, 2 .....N
A
C
Cy = = « per unit cost of treatment of ith pollutant
Es ’

Mow i1 pollution taxes are designed such that

ty = Cay 1 = 1, 2.uu.N (17)

then ta may be cross subsidy free and guarantee the recovery of

full cost of pollution abatement.

2. Sexs Jha, Muarty and Satyva Faul (1983).



TABLE 3.1

fFstinates of Costs* of Supply of Water for Kanpur Jal Sansthan
and Varfous Industrial Units
(At 1987-88 prices)

Comaer- r = 10 and t = 15 r =10 and t = 20 r = 10 and t = 25 r = 10 and t = 30
Name of Unit clal  se-eecscccccrncs | e r e d e ceccmm e ce e e e c et e ee e cemeecmc s s — e
costs Resource Shadow Resource Shadow Resource Shadow Resource Shadow
cost costs cost costs cost costs cost costs
1. Karam Chand Thapar 0.36 0.170 - 0.213 0.140 0.174 0.118 0.146 0.101 0.125
and B8ros., Unnao
2. TAFCO Kanpur 0.6} 0.310 0.480 0.250 0.390 0.210 0.320 J.180 0.270
3. Hindustan Vegetable 011l 0.50 0,240 0.430 0.197 0.340 0.167 0.280 0.143 0.240
corporation Letd. Kanpur
< “orilal Padanpat Udyog Y.oeb 1,329 0. 560 0.260 0.440 0.224 0.372 J.19%0 9.310
Ltd. Kanpur
5 MUIR Mflls Kanpur 0.40 0.204 0.250 0.167 0.200 0.141 0.170 0.121 0.140
6. J.K. Cotton Mills, 0.55 0.270 0.430 0.220 0.340 0.190 0.290 0.163 0.250
Kanpur ’
7. Lakshiai Ratan Cotton 0.65 0.316 0.490 0.262 0.400 0.223 0.330 0.191 0.280
Mill, Kanpur
8. New Cictoria Mills, 0.48 0.226 0.280 0.184 0.220 0.155 0.180 0.132 0.160
Kanpur
9. Elgin Mills (Un®x-1), 0.93 0.460 0.610 0.380 0.500 0.326 0.430 0.280 0.370
Kanpur
10. Kanpur Jal Sansthan 0.46 0.210 ¢ 0.290 0.170 0.230 0.140 0.200 0.120 0.170
(Kanpur)
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* Costs are given in Rs. per ki{lolitre of water.
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AVERAGE FRICE OF WATER CHARGED
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CLRRENT FRACTICES OF WATER FOLLUTION CONTROL IN INDIA

4.1 Introduction

blater pollution is an inevitable by—-product of
industrialisation. Follution causes secological upsets resulting
in various hazards to the society. Fossible snvironmental effects
of industrial development have since long  been recognised as A

the environmeital

serious problen. However since the seventi
movement has gained momentum and consecquently  there has been 2
concern  for  evolving  more rigorods approaches for environmental
impact assessment in seventies. In the early steges this

corfined to the more developed countries bob recently

Tervesmes v
developing countries including India have recognised the
sensitiveness of the problem. This is especially the case in

respect of industrial water pollution which is posing & major

problem. The pollution control measurss in India consisted  of

evolution of arvvironmental standards and

oovernmental anstruments to control pollution.

made enpoeering govermmental agencles for stricter enforcement of
pollution control measores, Followimg this, wvarious industrial



urlts which failed to conform to bhe srvaoroonmental standards  bave
been  served with notices for the olosure while some of the units

which continued o pollute the shvironment despite several notices

zures clearly demonstrate the

Tt

Mave actually been closed., Thess

by of e Government te comtrol pellotion and  aold

upsetting  ecological  balance, even though this may mean slowing
down the pace of development of the priority sector — namely the

industry.

4.2 BEdxisting Institutional Arrangements for Environmental
Follution Control in India

2. fedmindstrative machinery .  Tre Central Board for the

Frevention and Control of Water Folution (hereafter CEFOWR: iz the
mational ape: by for the assessment,  oonitoring and control  of

o

water ol lution in India. The executive responsibilit
enforcarent of the Frevention and Control of Water FPollution Sct
{(1974) and Water Cess Act (1977)  are carried out through the
Central PBoard and similar statutory boards  established  in the

states. The Central Board alzo co-ordinates the activities of the

tards established  for the  implerentation of pollution

state
control mEasuures, The Board has svolved comprebensive guidelines
o orespect of  the setting up of podlution intensive industries.
It has also formalated the minmiman national  standards for
ey ropirstal ool Tation MIMNSZ) i respect of 1@ specific
industries.

b Folicy instruments. in India, as far as we e

aware, the  fellowing policy  anstrumssts have been used to deal



with water pollution.

i. To promote pollution control, subsidies have been
provided in the form of tax rebates, soft loans,

etc.

ii. Water cess is charged on consumption of water by use
as a disincentive to polluting industries. The
pollution cess currently levied by pollution centrol
boards in India vary from @.75 paise to 2.5 paise

per Kl. of water used.

iii. Government has evolved pollution standards for
effluents emanating from production processes
limiting discharge levels of certain substances into
water bodies, agricultural land, .sewage, etc.

Discharge levels vary depending on the mode of
disposal.

ive In the case of certain new industries, license
issuing authorities take not of the choice of
technology and in—plant measures taken to reduce

waste loads of residual water.

Ca Legal measures. The erfectiveness of above mentioned

instruments depends upon the legal support they are able to get.
The Frevention and Control of Follution Act, 1974 is found to ke
inadequate to provided leqgal support to  various instruments  to

control  pollution. The Environmental Frotection Act, May, 1986

+ills this gap. It is a more conprebensive law providing for
stringent penalties in the case of non—adoption of pollution

control measures. It covers all types of pollution including air
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and noise pollution. The broad objective of this legislation is
to take comprebensive measures for the prevention and control of
pollution and assign responsibilities to the CawtralGovemrra'ut.
State governments, Local authorities, individuals and public and
private organisations. The government or an authcﬁr‘ity' designated
is expected to lay down standards, regulations and rules for
enforcement of the provisions of the Act. The rule making powers
broadly cover screening, testing, classification, standardization,
powers of entry, inspection, examination, control, direction,
closure or prosecution. The punishment provided under ‘the Act is
imprisonment upto five years or fine worth of rupees one ' lakh or
both. In case of continued pollution, the quantuwn of both
imprisonment and fine may be further increased. A private citizen
can also make a complaint to a cowrt under the Law for any

violation of the Act.
4.3 Evolution of Environmental Standards in India

. Standards for discharge of industrial effluents in India
have been developed by both Indian Standard Institution (ISI) and
Water Follution Control Boards. While tolerancé limits/standards
stipulated by ISI serve as guidelines, the limits pl;escribed by

the Bpards are mandatory.

The ISI1 standards were first brought out in 196%.2* It
was laid down that the treatment of effluents has to be done when
the quality of receiving waters was beyond prescribed tolerance
limits. The standards were first revised in 1974, which unlike

the earlier version of standards, laid down tolerance limits for

21. Indian Standard, Part I, General Limits, .Thii’d Reprint,
February, 1980.
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disposal of industrial effluents into public sewers (IS: 3286 -
1974), on land for irrigation purposes (IS: X307 - 1977), and into

marine coastal areas (IS: 7968 - 1976) also.

Tolerance limits given in the above mentioned standards

are based mainly on the following considerations:

A. The information available from overseas agencies;

b. Techno-economic  feasibility of  the  treatment
techniques;

(8 Protection of the environment;

d. Likely damage to the receiving media; and

e. Usage of the receiving waters.

Later the above standards wetre integrated into one
standard IS: 24990 (Part 1= and IS: 3306: 18: =507, 1S: 7968
were  withdrawn. 18 2490 (Fart I) is a general standard
applicable to all industries except the specific industries,

covered by subsequent parts of this standard®®  which either ca%}

22 See Table 1.

23. For the following industries standards bave been formulated
for discharge of effluents into inland surface waters only.

IS:2490 -~ Tolerance limits for industrial effluents
discharged into inland surface waters (first revision)

Fart 11 - 1974 Distillery industry

Part III- 1974 Tanning industry

Fart IV - 1974 Straw board industry

Fart V - 1974 Electroplating industry

Fart VI ~1976 Dyestuf+ & dye intermediate manufacturing
industry

Fart VII- 1976 Coke ovens

Part VI1I-1976 Fhosphatic fertilizer industry

Fart IX.— 1977 Nitrogenous fertilizer industry.
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for  some change in reguirements for some characteristics or which
contain some uncomnon pollutants which have to be kept within

limits.

While preparing this standard (IS: 2499, Fart 1), the
committee recognised that tolerance limits for industrial

effluents may vary for each unit depending on:

a. the capacity of the plant;
b. the technology adopted;

c. other industries polluting the receiving systems;
d. recipient capacity of the receiving system;

e, the nature of the receiving system; and

f. usage of the receliving system.

Thus, on® account of oe or more of the above
considerations, the authorities responsible for water pollution
control  management have been allowed to prescribe changes in
tolerance limits/standards. However, deviations from  tolerance

limits prescribed in I51 general standards should be adequately
Justified.

The MINAS are prescribed for an  industry taking into
consideration the treatability of the effluent from the industry.
1.2., technical feasibility, the cost of treatment and the cost
twrden that can be borme by the industry, (technical and economic
feazibilities). The MIMNAS are binding for all industrial units
throughoat  the cc:n.htry. Wherever the local regulatory authority
deem it necessary because of specific environmental factors, they
may make the discharge standards more stringent. They may not,
Fowever,  relax them. In this manner, the MINAS becomes both

industry specific and location - specific. The industry specific
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standard is given by MINAS while the location —~ specific standard

on a case—to—case basis is prescribed by the local regulatory

authority.

4.4 Ourrent Methods of Fixing Price of Water for Industrial Use
in India

The right price of water for industrial uses may be such
that it gﬁarantees the recovery of its cost and it discourages its
misuse., However, water pricing currently .practiced in India
depends on socioeconomic and political factors rather than on
cost of production and distribution of water and willingness of
the people to pay for the service. Under the Indian Constitution,
water supply is a subject assigned to the GState governments.
Traditionally, the State governments have assigned these functions
to the urban -local bodies as obligatory responsibilities. The
powers to fix water tariffs under certain circumstances have also
been conferred on such bodies (e.g.., UW. FP. Jal Nigam and Jal
Sansthans) which usuwally have the responsibility for construction
and operation of the water systems‘ as well as collection of

revenues.

Water tariffs usually classify- the consumers as
domestic, commercial and industrial and provide differential
rates. The most commonly used methods of charging prices for
water are: charges hased cn property values, flat rate charges,
charges related to property characteristics, uwnit rate charges

{metering) and combinations of the above methods.

Fricing of water for industrial use in India seems to
be bazed on some ad-hoc criteria. In most of the municipalities,

and boards, water tariff is not revised for years. Wherever it is
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revised it is done without following any guidelines. In fact, due
to  inadeguate system for compilation of information on production
and distribution, costs in the case of most of the local bodies it
is not possible to make financial or economic analysis of the
tariff structwre which would form an important guideline for water

tariff fixation/revicsion.
4.3 Limitations of Current Practices

While the government has various basic instruments and
legislations empowering its agencies to control water pollution,
certain measures/tools may te of questionable about the
snitability in regard to their economic and social realities.
This section discusses some of the limitations of the measures of
prevention and control of industrial water pollution currently in

practice in India.

It is well recognised that e+ficient enforcement of any
law/act 1= a tremendous contribution towards  the achievement of
desired objective For which the law/act is brought into being.
However, the availability of various policy options which
constitute the law/act determines the adequacy and efficacy of the
law/act iteelf in dealing with the problems. The problem of
prevention and control of industrial water pollution is such where
water pollution standards, water cess and price of water for
industrial uses play a crucial role in determining the strength of
pollution control  Act. Suitability of these factors in present

circumstances iz argued below.

a. s ﬂfmﬁitmaj earlier water polluticon standards have beer
develops=d by both ST or Bureaw of Indian Standards (ESI) and

Central Board for Frevention and Control of Water Follution.



While revising general standard (IS: 2490, Fart I) the committee
recognised that tolerancs limits for industrial effluents may vary
for each unit depending upon a mumber of factors  (refer  footnote
of Section ITID). Decirzbility of the two factors, naimsly, the
capacity of the plant and the technology adopted may be argued.
Ervironmental problems associated with small uni{ts might differ in
some respects from those associated with larger units. To be more
specific there are significant economies of scale in pollution
abhatement dus to which sm@ller units are bound to  incur  mach
higher per | unit fived and operation cost than that of bigger
units. However, the issue which emerges from this is that smaller
units should be belped in their efforts of pollution control.
Felaxing standards may not suwrely be the best way of doing it as
this would ultimately amount to falling short of achieving the
objective of pollution control. There could ke otbter more
practical ways of belping out smaller units such as  giving

z=ubsidy, providing facilities of a comnon treatment plant, etc.

Relaxing standards across wnits on accont of varied
technology adopted by them may not be  desirable, With
nferior/old  technology the pollotion load is expected to be
higher than that of with better/new technology. In order to
recdure the pollution load 1t may  be necessary to replace old
technology with new technology which may not be both possible and
economically  viable to do in case of certain units. Thus a

rollution subsidy may be given to such limits.

b. Water cess or pollution tax is normally levied and
collected by the pollution control boards. Differential ratezs of
tax are charged depending on the use of water. The tax rate

ztructure=®  indicates that the rate of tax is higher for certain




uses where pollution load is expected to be more resulting in
higher cost of pollution abatement. Thas  the objective of
charging pollution tax seems to require industrial units to
compensate for the damages they cause to the society by polluting
water bodies etc.  But the tax rates which vary from 0.75 paise to
2.5 paise per kl. of water are so low that they do not appear to
bear any relationship with the cost of pollution abatement. This
is the reason why prevailing pbllution taxes have been ineffective

in inducing companies to aBopt polution control measures.

Ce Water is an important input in  industrial production.

. The conservation of water by the industrial units depends on the

supply price of water the higher the price of water higher will
be the incentive to practice water conservation. The conservation
of water comprises of; i) economy in water use and ii) recycling
and reuse of water after treatment. As far as economy in  water
use  is concermed as such, there is no fixed demand for water for
each industry but the demand varies in a given range due to the
substitution possibilities of differrent technologies. We .
however, feel that even with alternative technologies it should
not be difficult to fix standards.for ‘consunptive water’ (the
water consuwned during the proces) and “intake water’ - which is
the amount of water that is needed for the production process to
operate. These standards may be used as guidelines to assess

inefficient use of water in industrial units. The above standards

24. Use Tax Rate Fer kKl.

1. Industrial Coeoling Boiler Feed @.75 paise
Frocess Water

2. Domestic 1.08 paise

. Where effluent is biodegradable 2.70 paise

4. Where effluent is toxic and non— 2.50 paise

biodegradable.



may also be used to introduce a graded charge/price depending o
the levels of "“intake water’. For example, a lower price may be
charged for an initial guantity of water sufficient to provide for
basic necds while water withdrawn over and above this may be
charged a higher price. This is expected to encourage economy in
the use of water. However, graded price or charge for water can
be applied cnly t& the corporation water and river water. The:
whits drawing water from own tubewells would be left out unless a

tax is levied on water drawn through tubewell also.

The water conservation through recycling of water would
- enable industrial uwnits to save on the cost of water which they
either buy from local authorities o draw from  their P g
tubewslls., However, treatment of water to make 1t fit for reuse
involves certain cost which would normally te higher than the cost
of treatment of water to the level =uch that 1t meets the
standards prescribed by the pollution control  boards. The
treatment of water to a level such that 1t can be recycled in  the
process  wold  save  industrial units the price of water and also
water cess or pollution tax. Thus, a wit’'s decision on water
conservation through recycling of water would depend on the net
savings. That is the difference between savings due to fall in
the cost of water and non—payment of polliution tax and the cost of
treatmert of polluted water for reuse. The industrial units will
have incentive in recycling of water if the above difference is
positive. Given the cuwrrent price of water charged by local
bodies in many cities and the prevailing rates of pollution taxes,

‘recycling of water does not appear ecooomically viable.
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CHAFTER V
DISTILLERY
5.1 Introduction

Faram Chand Thapar and Brothers (C.5.) Lid., iz a
companty belonging to the Thapar OGroup of Companies and has a
potable alcobol distillery located at Unnao in Uttar Pradesh. it
is producing potable alcolol from its very inception which is
supplied as country liquor to Government warehouses. In addition
to potable alcohol other products such as Whisky, Rum, Gin Brandy,
2tc., are also produced. These products which are known as
Indian Made Foreign Liguors (IMFL) are sold to public as well as

to armed forces.

The prime distillation raw material used at the
distillery is sugarcane molasses. Small quantities of grain and
malt are also used for the purpose of malt spirit and grain spirit
production. These are mainly used in the production of IMFL.

The installed distillation capacity of the plant is
15000 litres of alcobhol per day based on three shift operation for
M) days in a year. The average daily distillation is  around

17500 1itres per day.
5.2 Processes in Distillery

Molasses based distilleries are more common in India.

The main process steps in this operation are shown in Figure 5.1

and listed below:—



(i) Dilution - Preparation of molasses for
fermentation

(11i) Fermentation — FProduction of alcobol from
fermentable sugars in molasses
solution

(ii1i) Distillation - Froduct recovery.

In FkKaram Chand Thapar Ltd. the molasses received from
the Sugar Mills are stored in tanks for dilution. In the diluter
tanks solid concentration (which varies betwsen 76 per cent and 90
per cent in molasses available from Indian Sugar Mills) is brought

down  to the required concentration. After dilution it is pumped
into the fermentation vats where yeast is added to it and it is
left to ferment. In this process fermentable a;(gars are converted
into alcobol. The fermented solution which is called wash
contains & per cent to 8 per cent alcohol. The alcohol is
separated from wash in distillation coluwms by the introduction of
low pressure steam at the bottom of the colwn. The alcobol which
vaporises in this process is then collected in a rectification
column. The residue, produced after the alcohol has been stripped
off, is known as spent wash. Spent wash is one of the strmgesf
organic effluents in the industry. Rased on further requirements,
the rectified spirit produced is distilled again in a batch kettle
or in a continuous still to produce neatral spirit which is ueed
for the production of high quality IMFL. This process is called
as secondary distillation. There is no generation of effluent
during the secondary distillation stage. Figure 5.2 presents the

process flow diagram.
3.3 Consumption of Water by Use and Source of Water Supply

The distillery industry is fairly water intensive. The
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water consumption is for process water as well as non-process
water, e.9., for cooling, washing, steam generétion, etc. Im
molasses based distilleries the major process water use is in  the
following processes .2

’

(1) Dilution of - about 12 m~/Fl. rectified
molasses spirit

(ii) Yeast - 1.7 m=/F1l. rectified spirit
propagation

(iii) Distillation - 4.5 o/F1l. rectified spirit.

The non—process water use comprises of cooling water for
fermenters (110 mw=/Kl.) and condensers (S0 mS/Fl.). Table 5.1
gives the range and average water used in the process and non-
priocess applications. On the average the total water requirement
is 25 me/El. of rectified spirit plus about S0 m®/day of soft
treated water. For a distillery of 5,000 Kl. per annwn capacity
this will work out to about 9@ w™/Fl. of rectified spirit
produced. The basis of the figwes are also mentioned in  the

Table. Figwre 3 represents the water use balance sheet for

distillery of 5,000 Kl. capacity.

In Karam Chand and Thapar Ltd. the average daily
distillation is around 17000 litres per day which will work cut to
about ZF00 Kl. per annum based on three shift operation for 20209
days in & year. The daily consumpticrn of water in industrial use
is 570 FKl. per day, which works out to about 44 m=/kl. of
distilled alcobol. The break up of water used in variouws

applications is not available for this unit. The souwrce of supply

e Comprehensive Industry Docunent @ Fermentation Industries,
Central Foard for Frevention and Control of Water Follution,
Neww Delhi, 1981-82. :
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of water to this unit is underground water which is drawn through
o tubewells. In Unnao area, where this unit is located, good
guality water is available in abundance usually at 159 feet depth.
The water requires treatment only when used in boiler feed while
for other industrial and domestic uses tubewell water does not

mesd any treatment.
5.4 Waste Water Generation and Its Treatment

The waste waters of distilleries are of two types: the
process waste waters and non-process waste waters. The process
waste waters comprise disposaal of streams from‘ process  vessels,
©.0., steep water, spent wash, etc., as well as spillage. The
non-process waste waters comprise such streams as cooling water or
cooling tower blowdoe s, boiler blowdoen and  steam condensates,

wash waters, etc.

However, the major process waste streams are the spent
wash from the analyser coluwmn and fermenter sludge and spent  lees
from the rectifier. Of these the spent wash represents most of
the pollution load. The guantity is about 15-16 times by volume
of the rectified spirit and it has a BOD in the range of 454608 X
1&* mg/1 and a solid content of &9 per cent most of which however
is in dissolved state. It has a pH in the range of 4.3 - 5.7 and®
contains about S000-8000 mg/1 chlorides and 2000003 mg/1 sodium.
The spent wash contains practically all the unfermented soluble

matter present in the molasses. Table 5.2 provides this

information.

The non-process waste waters comprise the cooling water,
wash waters from fermenter house and bottling plant, boiler

blowdown, water treatment plant wastes, etc. The overall quantity



varies, depending mainly upon whether cooling water is recycled or
used  once—through. In general, the total volume of non—process
waste water is about 20 El. per El. of rectified spirit if cooling
water is used once through, and about 47 El. per Kl. of rectified
spir?t if it is recycled. Table 5.7 gives the quantity of
process waste discharges. The characteristics and gquantities of

process wash water are indicated in Table S.4.

Faram Chand and Thapar Ltd. is presently operating
below its installed capacity. The average daily distillation is
around 12000 litres per day. The spent wash is one of the
strongest organic effluents in the industry, which is about 250
cubic metres per  day. In addition to this some effluent is
generated from its malt spirit plant, which is S0 m® per day. The

spent wash contains high concentration of BEOD and COD.

The analysis of spent wash reveals the  following

characteristics:—
Characteristics Range
pH 4.5 - 9.5
EOD | 490,000 ~ 50,000 mg/1
cop X, 01 D, XD mg/ 1
Suspended Solids 20D - T mg/l
Total Nitrogen 1208 mey/1
Sulphates XD — NN mg/1
Volatile Ocids SO0 - T mg/ L

There are two basic processss available for  the
treatment of high BHOD effluents such as distillery spent wash.

The processes are:
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(i) Evaporation and Spraydrying Systems where the spent
wash is allowed to evaporate in multiple effect evaporators and
the thick liguor is bwnt  in specially designed boilers to
generate steam at high pressure. The high pressure steam is used
b drive a turbine which generates power. The ash which is rich
in potash is recovered and can be <old as a fertiliser. The
evaporator condensate is subjected to aercbic treatment to contain

the BHID within bErmissible limits.

(ii) Anaerobic digestion in closed digestors to recover
methane (bio-gas) which is followed by further biologicaal

treatment by aeration for reduction in FOD to acceptable values.

The process selected by this uwnit is the latter.
Fresently this unit has only first stage anaerobic treatment
plant. As a result the BOD and COD of effluent water have come
down to 4000 mg./litre and 1780020000 mg./litre respectively.
This treated water is presently being discharged, along with t'he
waste water from other sections into a nallah adjacent to the
plant  boundary. In stage II of the effluent treatment scheme it
is proposed to further treat this water aerobically to bring down
the pollutants to U.P. Pollution Control Board standards given in

Table 5.5.

3.5 Industrial Water Costs

In the case in which the individual plant is relying on
a public supply and not drawing water from underground or  surface
water sowvrces, the cost of water is the price charged by the
piblic awthority. Whereas, in the case of industries relying on
thelr own sowces of water, the cost of water would be the

expenditure incurred in  the industries for this purpose. Also,
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investment for the further treatment of water may often be
necessary even in plants relying on public supplies. Thé costs
for a given uwnit of capacity are influenced by such factors as
size of installation, location and quality of raw water, . and the
guality required for a particular industrial use. The range of
specifications for water quality to meet requirements in  industry
is wide, and the specifications vary from product to product and
from process to process. As a result the cost of treatment per
uwnit of water also differs. However, water requirement for a
given industry, based on quality of water can broadly be: qivided
into four categories, namely, cooling water, boiler water, process
water and water for general use. Statistics on water use are
however often poor. Various terms like .intake, use, withdrawal,
and pumpage are used in different industries which make it
difficult to compile the data on a comparable basis. No accounts
have been maintained of the break up of total water quantities
into their specific uses within each industry. Farther, no
serious attempts have been made to fix some standard norms of
quantity and quality of water used for specific purposes in

different industries of given capacities.

Regarding the cost of water supply, it can however be
said that the privately owned water for industrial use may be more
economical than water purchased from public authorities,
primarily, because in the case of public supply where large
reservoirs, distribution pipes and pumping stations at different
locations are major cost items, the cost of water supply is bound
to be higher thani the cost of water which is drawn by individual
units from oW SOLIFCEeS . And secondly, because the pricing policy
-of the public utility may be such that it charges relatively
higher prices for the water to industrial users to compensate for

the losses due to lower or no prices charged for water supplied to
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public utility services like fire protection, municipal schools,
institutions, parks, stand posts, cleaning of varic:us_ public

places, etc.
S.6 Estimation of Cost of Supply of Water to the Distillery

As mentioned earlier, the underground water is the i:nly
source of water supply to the factory. The supply of water from
underground sources involves two major costs: (1) drawing and
punping cost of water and (ii) the cost of treatment of water, if
treatment is required.

It is mentioned in Chapter II1I that three types of cost
estimates of supply of water, namely: (&) resowce cost, (b
social cost and () commercial cost have teen attempted in this
study. Methodology wsed for the estimation has also  been
discussed in Chapter III. However, the cost estimates here
represent the costs of supply of raw water only. The cost of
treatment of raw water is not  estimated due to the following
reasons. Firstly, because in the case of most of the units data
on cost of treatment of water is not maintained because it is not
considered very significant; and secondly, because the treatment
cost of water does not seem much relevant for us as ouwr purpose is
to find out the producticon/supply cost of per unit of raw water
used in the industry. ke have, therefore, estimated the costs of

supply of raw water to the various units.
S5.7 Data Requirements, Sources and Limitations

To make the estimates of the above mentioned costs, data
on both the fixed and operation cost of the plant/equipment usecd

for drawing water is required. Some of this data is made
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available by factories in a reply to ouwr questionnaire. However,
the data stow lot of excess capacity in drawing water. Also, the
survey of a sample of factories in Hanpur shows a lot of variation
in the fixed cost of eguipment and its capacity utilisation. To
make the statistics comparable across the factories we have made
some  assunption based on engineering norms regarding the cost and
capacity of equipment. It is asszured that a tubewell costing s
1.20 lakhs at 1987-88 prices has a capacity of drawing about 22000
Fl. of water per month 1f put to use only for 10 hours a day.
Working at this capacity the tubewell is assumed to last  for
minimum 15 years. Further, as mentioned in Chapter III, to maks
the estimates for resowrce cost of wafer, corrections for indirect
taxes nesd to be made in market prices of plant and equipment and
other fixed cost. In order to attempt corrections for taxes,
detailed data about the break up of fixed cost is required. )
have observed that not a single factory has maintained data on
break up of fixed cost of a tubewell. We have, therefore, relied
o engingering norms  to break up  the fixed cost. Table 5.6

provides the estimates of breal: up of fixed cost.

Regarding operation cost, it was noted that the needed
break up was made available by almost all the units swveyed. The
only problem with this data is about wages of unskilled labour.
Since we are also interested to make estimates of the social cost
of water it is necessary to use uniform wages for unskilled
industrial worker across factories in  Kanpur. Since labourers
employed on tubewells are regular workers, we have assumed their

per day emoluments as Rs 75 for the Fanpur city area.

The estimation of social cost of water is attempted
naking correcticns for shadow prices of various inputs, namely i

capital, labouwr, electricity and chemicals, in the estimates of



cost flows of resowrce costs. The cost flows of resource costs
are presented in Table 5.7, column 1. The methodology used for
making corrections for shadow price of capital, unskilled labour, .
electricity and chemicals is discussed in Chapter I11. The cost
flows of social cost of water at shadow prices are shown in Table
5.7, column 2. Table 5.7, colum 3 presents (_:ost flows of
commercial cost of water. And estimates of all the three types of

costs per Kl. of water are presented in Table 5.8.

5.'8 Estimation of Cost of Pollution Abatement Per Unit of Water
Used/Released

3

The nature and concentration of pollutants specific to
distillery industry as well as existing technological options for
water pollution abatement in  this industry have been briefly
mentioned in Section 5.4. This factory has opted for end of pipe
treatment method of pollution abatement. The anaerobic treatment
technology is being used for the treatment of effluents discharged
i the production process. Fresently., only first stage anaerobic
treatment is installed. As in the case of cost of water, we havé
estimated  the commercial cost., resouwrce cost and social cost of
pollution abatement per unit of water used as well as per unit of
water discharged. The fived cost of pollution abatement plant
includes two major components: (&) land and (b)) mechanical
equipments and civil works. Since data on land requirements is
not available, on the basis of observations made during personal
visits to wvarious factories, the land requirement for effluent
treatment plants is taken as S0 sg. yards. Tre market price of
land prevailing in different localities where various factories
are located is halved to estimate the resowrce cost of land in
order to correct market prices for municipal taxes. The detailed
data about break up of otler firxed cost is needed to make

corrections for excise duty and sales tax 1n order to estimate
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resowrce cost of pollution  abatement per uwnit of water
discharged/used. However, all the units in Fanpur and this unit
in Unnao have got the effluent treatment plant erected on tum key
basis. Therefore, we were wnable to get the break up of the fixed
cost. Hwever, total fixed cost which includes mechanical and
electrical equipments, civil work and installation is available.
Using engineering norms we have made the estimates of different
components of fivxed cost. Fixed cost break up for effluent
treatment plant is given in Table 5.9. Data on operation cost was
made available by various factories surveyed. As in the case of
estimation of cost of water supply; the wages paid to unskilled
labowr working on effluent treatment plant is taken as Rs 35 per
day. The investment in effluent treatment plant in  various
factories surveyed is made at different points of time. To make
the data comparable we have estimated costs at 1987-88 prices
making corrections for the general inflation rate in the Indian
economy . The annual social cost of land is estimated as 15 pér
cent of value of land. However, the methods of computation of all
the three types of costs is the same as described in Chapter III.
Estimated cost flows as well as costs of pollution abatement per'
Kl. of water used and discharged are shown in Tables 5.10 and

S.12.
9.9 Results

a. The estimate of resource cost of production of water
per Kl. is 12 paise, given the value of social rate of discount

(r) as 0.10, and the life of a tubewell as 10 years.

b. As expected, the social cost of production of waﬁer is
higher by about 4 paise/kKl. compared to the resource cost of water

at the same r and T.



c. Tre commercial cost of water is 26.5 paise per Kl.

d. The: estimate of resowrce cost of pollution abatement per
Kl. of effluents released is about Rs 5.54, while social cost is
Rs 12.12 given the life of effluent treatment plant as 20 years

and the value of r as A.16.

e. Commercial cost of pollution abatement per Kl. of

effluent water released works to be Re 25.18.

+. The estimates of resouwrce cost and social cost of
pollution abatement per Kl. of water uc_weci are 2.10 and 4.59
respectively for given values of t=7@ and r=0.10. However,

commercial cost is worked out to be Rs 2.594.

It can be clearly seen in Table 3 that the social cost
of water at shadow prices is higher than resouwrce cost by about 4
paise which indicates that the pricing of water needs to be given
a much more careful thought such that conservation of water is

encouraged.

The estimate of social cost of pollution abatement per
unit of effluent water released given, r and T as @.10 and 7@
respectively. 1s Rs 12.12 which is higher than the resource cost
of pollution abatemmt. If social cost of pollution abatement is
regarded as the cost  that would have to be incuwred by the
govertnment  to achieve specific Stemdards, the estimates of this
cost, given altermative values of +r and T may be regarded as a
guide to the magnitude of the pollution tax reqguired to be levied

s0 as to achieve prescribed environmental standards.



TABLE 5.1

PROCESS & NON-PROCESS APPLICATION OF WATER FOR
MOLASSES BASED DISTILLERIES

Use 8> of Rectified ) y
sgirit produced {Average) Basis and Resarks
(Range) .

A, Process Application

i B Yeast Propagation 1.8-1.4 1.3 Data collected fros 18
{ : distilleries
! 2. Preparation of molasses 18.5 - 14 13.8 Data collected fros 12
distilleries
3. Water (as steas) required 3-6 4.5 Data from 3 distil--
for distillation leries and literatere
and energy balance:
calrulations

B. Kon-Process Application
4, Cooling MWater for:

! 1) Feraenter -0 i8 Data froa 18 distil-

; lerjes wide variation
probably due to
different ambient *.

teaperature at S
ii)Condensers 45 - 60 a8 distillery location -
3. Treated Mater for 0 - 158 a3/day Figures could not be
making INFL and for given in of rectified
Boiler use spirit due to varied
: product aix of the
. distilleries
6. Wash Water 2.3 - 18,8 6.8
7. Water {as steam) 8.15 8.15 Based on data
for sterlising collected froa
vessels 15 distilleries

Source: Cosprehensive Industry Docusent
Fersentation Industries, Central Board
for the Prevention and éontrul of Water
Pollution, 1981 - 82,



TARLE 5.2
SPFENT WASH CHARACTERISTICS

ﬁé Characteristics - Range*

1. pH 4.7 — 5.3

2. Total solids 0,000 - 99,000

3. Total suspended solids (TSS) 2,000 — 14,000

4, Total dissolved snlids (TDS) &7, - TI, 000

S. Tbtal volatile solids (TVS) 45,000 - &5,000

6. Chemical oxygen demand (COD) 70,08 - 98,000

7. Biochemical omxygen demand (EOD) 45,000 - &0,002

8. Total nitrogen as (N) 1,008 - 1,200

9. Fotash as (K@) 5,000 - 12,000

18. Fhosphate as (FOs) o - 1,508

11. Sodium as (Ma) 154 - 200

12. Chlorides as (Cl) , 5.3 - 8,00

Za Sulphates as (90,) 2,000 - 5,000

14. Acidity as (CaCOx) 8,000 — 16,0002

18. Temperature (After Heat Exchange) JaC - 20

Note: ¥ All figures except pH and Source: Comprebensive Industry
temperature are in mg./1. Document Fermentation

Industries, Central Board for
the Frevention and Control of
Water Follution, 1981-82.



TABLE 5.3
PROCESS STREAM DISCHARGE FROM DISTILLERIES BASED ON MOLASSES

51.  Capacity Feraenters  Ferasenters Spent wash  Spent lees  Spent lees
No.  of the sludge in sludge as per discharge in in kl. of  recycled
unit in  kl./day cent of the  kl./per k1. rectified  or not

ki./ solasses of rectified spirit
annus solution fed spirit
to fersenters produced
1. s 1.2 853 15 7 m
2, 4588 3 1.49 15 TR
3. 9080 5.43 1.28 14 3.5 KR
§, 9658 8 2.1 17 X TR
3 2175 1.24 1.44 15.6 X R
6. 2978 9.6 4,78 17 X TR
1. 1318 1.1 2 16 X iR
8 7588 18 1.38 15 ; TR
9. 12808 9.5 2 16 % TR
18. 68088 5.4 2 22 1.84 NR
i, 8864 7 2 17 % NR
12, 4458 2.1 1.2 17 X NR
13. 15458 8.3 1.7 15.2 1.95 TR
14, 1881 1,15 .6 . 165 ¥ TR
15 8316 6.5 2 2 X TR
16, 9228 7 18 15 1.93 TR
Note: This table gives the process waste Source: Cosprehensive Industry Docuent
gitgfia;?eg‘ilgg.titxl:gri;gicated in E:;:E:}agég?dI?S?S%Eéeg;evention
the table is whether the spent lees and Control of Water Pollution,

is recycled or not. 1981-82.

61
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TABLE 5.4

QUANTITY AND CHARACTERISTICS OF PROCESS WASHWATER

Source Flow in BOD Kg./Kl. 85 Kg. /Kl Type of Flow
K1./Kl1, 0g./1 of R.S. 8g./1 of R.S.
rectitied
spirit
{. Spent wash fros 17.9 50000 85e 12000 284 Continuous
analyser column
2. Feraenter sludge 0.3 125000 37.5 30089 19.9 Interaittent
3. Spent lees froo 1.9 Jeee 95.0 16000 28.9 Continous
rectifier {recycled)
4, Fermenter cooling water 10.8 2500 to Seee 52.5 500 7.5
3. Washwater fermenter {3500 as)
1
6. Condenser cooling water:
i) Not recycled 30.9 - - - - Continous
{recycled!
iilRecycled 2.9 - - - - Intermittent
7. Boiler Blowdown B.15 - - - - Intermittent
8, Water treatment plant 2.1 - - - - Interaittent

9. Bottling plant washwater 2.8 1080 8.28 200 8.56 Continous

o e e 8 e 0 2 e O O B e o A b o o e o o 4 " o S e o e AR Y e 6 e e e A% 4 8 o o

Source: Comprehensive Industry Docusent Feraentation Industries, Central
Board for the Prevention and Control of Water Pollution, 1981-82.



TABLE 5.5

TOLERANCE LINITS FOR INDUSTRIAL EFFLUENTS PRESCRIBED
BY U.P. POLLUTION CONTROL BOARD

Characteristics Tolerance Lisits for Industrial Effluents Discharged
Into Inland Surface Waters Into Public On Land for Into Marine Coastal Arsas
Sewers Irrigation
17 Colour and odour
11} Suspended solids, eg./1, Max 1ee 500 200 a} For process waste
waters - 100
b)  For cocling water
effluents - 1@ per
rent above tDt&f
sucpended matfsr of
intluent cooling water
1ii)  Particle size of sespended solids Shall pass 858 micron IS - - al  Floatable solids, Max
Sieve 3 o,
iv)  Dissolved solids (inorganic}, mg./l, Max 2108 2100 2100 -
v} pH value 5.5 to 9.8 5.9 to 9.0 5.9 to 9.9 5.5 to 9.2
vi}  Teeperature, °C, Max Shall not exceed 48 1n any section 45 at the point - 45 at the point of
of the streas within 15 setres of discharge discharge
down-streaa froa the effluent
outlet
vii)  Oil and grease, mg./l, Max 12 20 20 28
viii}  Total residual chlorine, mg./1, Max { - - i
i) Amsoniacal nitrogen (as N}, ag./! e 38 189 o8
%) Total kjeldahl nitrogen {as N}, ag./l, Max 108 - - 108
- %i)  Free amsonia {as NHs), mg./1, Max 3 - - 9
x11)  Blochesical oxygen demand (5 days at 30 358 208 180
20°C), Max
xiii)  Chemical oxygen desand, ag./], Max 258 - - 258
siv) Arsenic fas As)y mg./l My 0.2 8.2 0.5 6.2
xvl Mercury (as Hgly g, 41, Max 8.0! 2.01 8.0 8.8!
syi 8.1 ! -

Lead (g3 Fady ag./1; Mex

* WG
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FIXED COST EREAK—P FOR TUBEWELLS

TAHE 5.6

Fer cent

i. Machinery eguipment 67
(1) Fipe 24q

(ii) Fump 64

{iii) Fittings 12

2. Construction =
£1) Cement 4

{11 Brict=s 5 )}

111 Steel 49

A Lakiy 2




TABLE 5.7
COST FLOWS OF TUBEWELL WATER (KARAM CHAND AND THAPAR)

{In Rupees}

Resource Social Comaercial Cost
cost cost
A FiedCost Fixed cost 120090
‘ 1. Machinery equipment 15% of fixed cost 18089
a, Pipe {7008 . 39108 Operating cost 45836
b.  Pump Seeee 115088 TOTAL g4400
c.  Fittings 7982 18358 Per unit market  9.263
cost of water
2, Construction
a.  Cesent 4936 11353
b, Bricks 2525 9887
€.  Steel 9392 12404
3. Labour 24080 18320
TOTAL 111835 212349
B. Operating Cost (Monthly)
i, Maintenance
a, Dil 98.5 75.5
b.  Repair 142.9 142.8
2. Fuel 2509 3432.5
3, Labour 1850 451.5
TOTAL 3733.5 4182

OPERATING COST (ANNUAL) 44909 49219
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TABLE 5.8

ESTIMATES OF COST OF PRODUCTION OF TUBEWELL WATER (kARAM CHAND THAPAR)

Life Tiae (T} 15 : 28 25 RY')
in Years
Social Rate Resource Social Resource Social Resource Social Fesource Social  Comaercial
of Discount Cost Cost Cost Cost Cost Cost fost Cost Cost
i
8.8§ B.139 g.17d 2.115 8.126 2.893 8.188 8.885 8.895
2.18 8.127 3.164 8.183 8.113 B.287 8.895 8.874 3.882 8.265

8.12 2117 8.153 0.893  e.102  8.077 .88 8.066  0.0872

Note: Estimates of resource cost and social cost are
made with the assuaption that social time pref-
erence rate i1z '@ per cent.



TABLE 5.9

FIXED COST BREAK —~ P FOR E.T. FLANT

Fer Cent

1. Machinery Equipment 25
/

2. Fiping 17
.0 Cival Work 4
1. Bricks 20
11. Cement 44
iii. Steel 40
4. Electrical Equipment 7

5. Installation s




TABLE 5.19

COST FLOWS OF POLLUTION ABATEMENT (KARAM CHAND AND THAPAR)

{In Rupees)

Resource docial Commercial cost
cost cost
A, FIXED COSY
{. Land Seeee 57008 Fixed cost 11550008
2. Other Fixed Cost ISZtof fixed 1732500
cos
a, Machinery Egquipment 3484848 8015150.4
b. Piping 1306816 38085681 Operating cost 333352
c. Civil Work
TOTAL 2263852
i, Bricks 774411 1781145 . :
ii. Cement 1513768 3481694 Quantity of water 9008
iii. Steel 1653487 3803020 released per year
d. Electrical Equipment 80508 1851500 Buantity of water 237480
e. Instalation 375000 247250 used per year
TOTAL 18163344 22242448 Per unit market 25.18
cost for water
released/K1.
B. OPERATING COST (MONTHLY}
Per unit market 9,54
1. Llabour cost of water
used/K1,
a., Skilled 8333 8333
b. Unskilled {(Rs. 35/Day) 1850
2. Maintenance
a. 0il 2496 3744
b, Repair 7844 7044
3. Cheaicals 7815 18522.5
4, Fuels 16667 22884
TOTAL 42605 92979
1115784

ANNUAL OPERATING COST 911268

- e o 0 02 0 - e o o e 2 e e e e




TABLE 5.11

70

COST ESTINATES OF POLLUTION ABATEMENT (KARAN CHAND AND THAPAR)

Life
Time (T} in
Years 15 8 28 38
Social Resource SocialResource Social HRespurce Sccial Resource Social Comser-
Rate of cost cost  cost cost tost cost cost cost cial
Discount rost
WATER RELEASED
18.78 23.58  B.43 18,43 5,93 15,14 5.90 12.94
18.4¢ 22,75 8.986 17.63 6.98 14.4€ 3.94 12,12 25.18
i8.18 22,09 7.73 16.94 6.29 13.75 3.28 11.55
NATER USED
8.88 4,89 8.93 3.19 6.98 2.42 5.74 2.24 §.89
g.18 3.94 8.62  3.83 6.68 2.49 5.45 2.18 4.9 9,54
8.12 3.83 8.37 2.93 6.42 2.38 3.21 2.08 4.38
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CAPACITY — 5,000 KL/ ANNUM OF RECTIFIED SPIRIT
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CHAPTER VI
TANNERY

6.1 Introduction

This Chapter attempts estimation of the cost of water
and the cost of pollution abatement to the tanning industry. A
tanner'y consuwress  large quantity of water and the =same is
discharged as waste water or effluent causing environmental
pollution. To make the estimates of cost of water and pollution
abatement, we reguire information on the guantity of water used
and discharged in tanning and the pollution abatement method
adopted. However the quantity of water comswmed and the quantity
and characteristics of the waste water discharged varies from
process to process. To identify the water requirements and
effluent generation in tanning process it is necessary to further
investigate the processes and the quantity and quality of
chemicals used in individual uwnits. The choice of effluent
treatment technolegy  would depenq on the guantity and
characteristics of effluents. In view of this, twd tanning units
have been investigated. These are, Tanning  and  Footwear
Corporation of India, Fanpur (TAFCO bereafter) and Fata India
Ltd., Batanagar.

TAFCOD is a tanning wnit engaged in the processing of
raw hides to finished vegetable tanned and chrome tanned leather
and subseguently to finished goods. It is a Government of India
undertaking situated in the heart of City. TOFD has an installed
cabacity of processing 1700 raw hides and 2200 partially treated
hides (Wet Rlue Leather) into finished leather. Table 6.1
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presents these details. Fresently, TAFCO is mainly working on @
two shifts per day basis for about Z20 days in a vear. It produces
leather, footwear, rubber sheet and shoes. The major by-—-product

of the unit is leather board.

The HBata India Ltd. is situated about 30 Ems. away
from central Calcutta. At present this unit processes only Wet

Elue leather to finished leather. The final product is footwear.

6.2 Tanning Activity

The process of making vegetable tanned and chroms
tanned leather from raw hides involves wvariocus stages. Thwz
process adopted for making finished leather waries from tannery to
tannery. The tanning process adopted by TAFCD is shown in Figure
6.1, Both vegetable tanning and chrome tanning are done at  this
unit. The tanning process is preceded by the treatment of  raw
hides., which is krnown as beam house operations. The beam bouwe
operations consist of soaking, liming, whairing and fleshing, and

deliming.

a. Vegetable tanning. The: Rides  are treated with

vegetable tam liguor of varying concentrations.

b. Chrome tanning. The hides are taned using basic
chrome sulphate. Following this the hides are neutralised using

sodium bicarbornate.

Thee Patanagar Unit of Bata India Ltd. has  recently

stopped proceseing rae hides. At precent only Wet Blue processing

ism  done. This has drastically reduces) the pellution load in the

effluents generated by the unit.
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6.3 Water Requirements and Cost of Supply of bater

In the plarmning of tamnery., water plays a vital role
as the tanning industry is one that consumes large quantity of
water. It is therefore necessary that there should be abundant
=upply of soft water as many of the processes of leather
manufacturing are affected by hard and saline water. s per
gmeral standards, consunption of water iz aproximately 20 to 40

litres per kg. of raw hides processed.

In Eanpur where TAFCO is located, soft water is
available in abundance. This factory relies mainly on underground
water which is supplied through its own tubewells., Average daily
consumption of water at TAFCO is about 13924 El1., out of which 1200
1. is drawn fron tubevells and the rest is taken from municipal
supply. The supply of water from underground sources involves two

major costs; namely, drawing and pumping costs of water.

It is mentioned in Chapter 111 that three types of
cost estimates of supply of water, namely, (&) resouwrce cost, (b)
social cost and (c) commercial cost have to be attempted.

Methodology used in estimation of the above mentioned costs has

also been discussed in  the same Chapter. While cost flows of

resource cost, social cost and commercial cost of water supply are
presented in Table 6.2, cost estimates of water supply are

-

displayed in Table 4.3,

It is apparerit in Table 6.7 that the resowce cost of
water, given t = 15 and r = 0.18, is Rs 0.139 per 1. As expected
the social cost of water is higher by 4 paise. However, the
estimate of conrercial cost is worked out to be 29 paise per Kl.

of water .
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In Rata India Ltd.; thé consunpticn of water for
industrial use is about 82500 Kl. per month. The water
requireﬁent is met completely by river water. The cost of supply
of water from river too involves drawing and purping costs of
water, the fixed cost break up of which is given in Table 6.4.
The cost flows and estimated costs of water are presented in
Tables 6.5 and 6.6 respectively. On inspection of Table 6.6 it
can be seen that the estimated resource cost of river water is 21
paise while social cost is aboﬁt 32 paise per Kl. of water for
given values éf r=0.10 and T = 19 years. The commercial cost of
water works out to be about 44 paise which is higher than resource

cost by about 27 paise.

6.4 Effluent Generation, Characteristics and Treatment
Requirements
Large guantity of water is discharged in tanning
process with waste chemicals, dyes and other impurities causing
ervironmental pollution. Depending wpon the type of tanning
process about 3@ to 4@ litres of effluent is likely
to be generated per kg. of hide processed.

In general, the guantity and nature of the effluent
discharged varies from process to process and tannery to tamnery.
The average waste water discharge per Kg. of hide under different
processes are as fol lows=%:

(al Raw to finishing: -5 litres per kg. of

wet salted weight

(h) Raw to wet blue: 225 litres per kg. of
wet salted weight

26. Advisory Tectnical Report on Commen Effluent  Treatment
System for Leather Complex Jalandhar, Cantral Leather
Institute Madras, January, 1988.



() Wet nlue to +inish: 2025 litres per kg. of
wet blue weight.

Except  for  the finishing operations water is used at

The various sourees of waste water at

all stages in proce

TAFCD  along with their guantities are listed in Table 6.7. Trhe

total volume of e+dluents 1s estimated at 200 Fl./day from the
processing section. The effluents from the sanitary and domestic
blocks are estimated at 200 Kl./day. Therefore, the effluent flow
is of 1000 El./day. Tte characteristics of effluent water from
various major sources and the composite waste water are presented

in Table &.8.

The choics of method  of  effluent  treatment  depends
upon  the characteristics of effluent, regulred level of
treatment depending upon the pollution  standards and the  final

wds (BIS) has laid

Lo The Buoreaw of Indian Star

mde ot dispos
o standards for cvarious nodes of final effluent disposal, viz.,
discharge into city sswer, on land for irrigation or into  inland
surface water. Most  of the Follution Control Bosrds adopt the
standards prescribed by the Bureaw of Indian Standards in general
with minor modi+ications to suit lozal conditions. The important
Indian Standards specfications are givern an Table 6.%.

o

T adopted the end of pipe treatment wethod of

pollution abatement. The effluent treatment plant ETF)Y has been

beecd sffluent lewve At for disposal  into

oy

designed Yo achi

semers/riverSin Lad surface water as stipudatsd by ULF. FPollution

Comtrol  Board. Thee ewpected concentratiorn of wvariows  pollutants
atter treatment s rted  in Table  &.18, However, the

Lter waste water considered for designing

Characteristios of

i Tatle 6.11.

the ETF are pre
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e ETF has been designed consisting of both primaesy

wwlary treatment syvstems. Thee primary treatment consists

of physico-chemical process for reduction in levels of pollutants

the second stage treabtment involves a two stage biological

FPrecent)y the has only primary trea

SR L

ecler o atinert plamt

construction. of  the primary stage treatment i

prezented in Flguwre 6.7, Thiz process  involves  the  following

EW Equalisation. he bolk of effluents discharged from

(R )

= andd sanitary s9F Luen i equalil

of the tamnery effluent  from

A agltator 1s provided for mixing

of etflusnts and keeping setilable solids in suspension.

b. Physicochemical treatment. The =ffluents are  oonped

fron the eoualisation tanbk into o rescticon tank. In the reaction

ik 1= falwn, lims/acid) are added. Lime/acid sre added

ChHesnLo S

for  maintaining  the pH oat 7.8 which is controlled by pHbomonitor.
From the reaction tank the effluents are  taken into a sesttling

for solid-liguid  separation. The sludge collected 1n the
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treatment are presentsd un Table &.15. It is mentioned earlier
that biological treatmsnt iz not vet dome at TACD. However, data
on both fixed and operation cost of second stage treastment is made
available to us. Using thiz= we have made the estimate of
commercial cost of pollution abatement at TAFCO (Table 6.14). In
ther absence of informatics on the break—up of fived and  operation
oot the estimates of resovcs cost and social cost of pollution

abatement could not te made.,

In RBata India Ltd. the volure of tannery sffluent is
H1% K1, per day. Information on the characteristics of effluent
1s, however, not available. The treatment of =ffluent  from
Tannery is done by Fhysico-Chenical method in Fhase 1. The raw
effluent is passed through grit and screen chamber and collected
in the Equalising Tank. Hfter retention for 4 hrs. in the
Foualizing tank the effluent is tramsported through a pipe to  the
Flash mixer where lime and Ferric Chloride are addedd from chemical
dosming tanks. The mishurs 1z stirred at a high speed. Lime is
added to precipitate  the Chromiun and Ferric  Chloride/Ferrous
oulphate 1s  added to coaguiate Sulphides. The chemical dose is
adjusted such that a ¢ of 8.2 - 2.0 is always maintained in the
clarifier. From the flash mixer the effluent is then passed into
the Clariflocculator for agitation. The flocculation takes place
in  the central zone and the liguid overflow gets clarified and is
dizcharged. The sludge iz ocllected in a pit and dried in sludge
2l

t.;!r‘":__y/ir»g beds for dispc The under flow from the sludge drying

fead 1= again pumped back to Flash mixer. The flome  disoram of

sfflnent treatment plant is given in Figure 6.73.

6.5 Estimation of Cost of Pollution Abatement

The natwe and concentration of pollutants specific to
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tannery  as well as methods used for water pollution abatement in
this industry have been briefly mentioned in the earlier Section,
Both TAFCO and BRata India Ltd. have opted for end of pipe
tireatment method of pollution abatement. Only primary treatment
process  1s being used for the treatment of effluent water
discharged in the production process. fe in the case of cost  of
vater, three estimates of cost of pollution abatement have been
made narely, commercial cost, resource cost and social cgres.t. The
mettod of computation of the above costs is same as described in
Chapter  I1II. Estimated cost flows as well as costs of pollution
abatement per unit of water used and discharged are displayedd
through Tables 6.15, 6.16, 6.17 and 6.18. For TAFCO the estimates
of resource cost and social cost of pollution abatement per Kl.
of effluents released are Fs @.44 and Rs 1.02 respectively for
o= @010 and T = B years. The commercial cost is Rs 2.05. Thes
sxtimate of commercial cost of pollution abatement aﬁ":er' second
stage treatment®” worked ocut tio b Rz 5055 For Bata India I.td.
estimated resource cost of  pollution abatement per K. crf
aeffluents released is 98 paise, social cost Rs 1,63 for v = 3.1&

znd T = 30 years and commercial cost is Rs 4.@03.

= It is mentioned in Section [Y that due to lack of reguired
data estimates of resource cost and social cost could not e
made.



TARLE 6.1

INSTALLED CAPACITY OF PROCESSING AT TAFCO

S1.No.

Raw Material

Frocessing

From

To

1478 Cow Hides
1400 Cow Hides
1800 Spdilts

Hn Bt Hides

ZOB Baff Hides

Raw Hides
Wet Blue
et Rlue
Raw Hides

Veg. Tanned
L eather

Firpasbed Chrome Tarned Leather
Finished Chraome Tanned Leather
Finished Chrome Tanned Leatbss
Vegetalile Tanned Leather

Finishing




g3

TARLE 6.2

COST FLOWS OF TUBEWELL WATER (TAFCD)

Cle Baapees)

Resource Soicial Commercial Cost
cost cost

A. Fixed Cost
1. Machinery and Equipment - Fixed cost ZAUDND

a. Fipe 7

154 of fived cost A 1 Y
b. Fump FEA11

C. Fittings 17816 R Y Operating cost AEN G
2. Construction TOTAL 12024
= Cement 10267 T ) fuantity of water
used per year (F1.) SN
& Bricks oA I S
c. Steel 11215 2ETT
2. Labour 430X ] Cost per El. of @,
water used
TOTAL 227454 424231
B. Operating Cost (Monthly)
1. Maintenance cost
E 0il 100 1340
b. Repair 281 21
2. Fuel D SRS
Ze Laboar 2100 SR

TaTAL 7481 216

TOTAL OST {(Annual) L7




© TABLE 6.3

ESTIMATES OF COST OF PRODUCTION OF TUBEWELL WATER (TAFCO)

(In Rupees!)

Time (T} in Years -7 15 28 25 30

Resource Social Resource Social Resource Sorial Recource Social Commercial
cost cost cost cost cost cost cost cost cost

Social Rate
of Discount

g.e68  0.153 8.196 8.127 .18 @.:188 Q.13 8.095 8.118
2.1 0.13¢ 2.100 g.114 8,145  e.0% 0.i22 8.082 B.104 2.298

e.12¢  2.128 8.168 0.102  8.137  @.085 e.i1@ 8.872 8.893

TARLE 6.4

BREAKHFP OF FIXED COST FOR RIVER WATER (BPATA INDIA LTD.?

1. Machinery & Equipment a7 e cent
a. Fipe 29 per cent
by, F'le[:l' 54 per cent
c. Fittings 12 per cent

2. Construction 50.5 per cent
a. Cement ' 40 per cent
b Bricks 20 per et
C. Steel AR prer ment

3. Labour 12.5  per cent
TOTAL 100.@ per cent
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TARLE 6.3
COST FLOWS OF RIVER WATER (BATA INDIAR)

fIn Fuopees)

~——

Fecsonce  Sooial Commercial Cost
cost cost

o8 Fixed Cost
1. Machinery and equiipmsnt Fixed cost
a.Pipe 4398

B.Fump 13190

157 of fixed cost VP4

c.Fittings LIETE
2. Construction
a.Cemant ARG

b.Bricks 4EaER

Operating cost 551844

c.Steel 106798 AN
Z. Labour 74000

: TOTAL ER78T6 L BEAER Cost per Kl. of @4z
water used
Operating Cost (Monthly)
i. Maintenance cost
a.0i. 2811 4216
b.Repair 7034 TR
2. Fuel 1644762
I labouy A
TOTAL Vi
| TOTAL. COST (Annual) 749140




TABLE 6.6
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ESTIMATES OF COST OF PRODUCTION OF RIVER WATER (BATA INDIA LTD.)

{In Rupees)

Time (T} in Years -} 15 2 25 19
Sorial rate Resource Social Kesource Social Resource Social Resource Social Commercis!
of discount cost cost cost cost cost cost tost cost cost
.08 8.237 8.351 8.199 8,288 8.178 8.244 8.15¢ 8.213
8.18 B.214 3.323 8.176 8.261 0.149 8.219 8.128 8.186 8.44
B.12 8.195 8.300 8.157- 8.238 8.131 8.197 8.112 8.167




TABLE 6.7

EFFLUENT GENERIC POINTS AND BUANTITIES (TAFCO)

Sl.No. Process Approximate Guantity
of Effluent Generated
Kl./Day
L sk %
2. Liming
a. Chrome tan secticn 78
b.  Veg. tan section e
I Fleshing and unhatring 173
¢, Deliming and waching 200
3 Vegetable tanning 18
&, Carriering 2
7, Pickling 15
5. Chrose tanning | 3
2. Neutralisation 43
12, Retanning, neutralisation, syeing and
fatliguoring . 125
i Chrome finishing and dryinc ¢
12, Miscellaneous waste 25
13, Sanitary and dosestic effiuents 20e



88

TABLE 4.8

CHARACTERISTICS OF EFFLUENTS FROM VARIDUS SOURCES

S1.No. Itees of  Goaking  Lieing felising Chrore Veg, Composite
analysis tanning tanning naste
{1, PH T.e- e~ 3.8- 2.6 g.2- 7.5-
8.3 12,5 9.8 3.2 5.8 8.8
2. Suspended 2508- §5ee- 2ee- Jge- Sgee- 1258-
splids i¢00 6500 1208 1eee 2e@ee saae
3. BOD 1eee- inee- 19ee- gee- haea- 2008-
Pl 7200 2080 1208 126880 ipee
4, CoD Jeee- geae- 180e- 188e- 1¢008- jgee-
4ped 14000 Joee iske 20000 4pee
3, Tanniers - - - - bipe
6., Chrosius - - - 26ee - 1e-3e
7. Chlorides 1eaee- 90-15¢ Se-1ge - L 1288-
14000 150@

Note: All paraseters except pH evpressed as mg./l.
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TABLE 6.9

BUREAU OF INDIAN STANDARD SPECIFICATIONS FOR INDUSTRIAL
EFFLUENT DISCHARGE: TANNING INDUSTRY
[1S: 2498 (PART 3 - 1985)]

Isportant Characteristice Tolerance ligite for inductrial ef4luents discharged
nto inlans ivto e Doland for
surface CEWEYS irrigatien

PR (Btone  seine  bBtdR

Biocheeical Oxygen Deeand - BOD 5 28 5 ) ied

days 2@°C

Chemical O:ygen Desand - COD 250 - -

Suspended solids 190 sae 200

Total dissolved solids 2180 7108 2108

Chlorides as Ct 10ee 1eae o0

Hexavalent chrosive as Cr 2.1 2.8 2.1

Total chrosiue as Cr 2 2 2

Sulphides as § 2 3 -

Colour and odour fibsent - fbsent

011 and grease ia 2R 1@

Note: {, All values except pH are expressed in ag./!.
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TAHE 6.10
EXFECTED CHARACTERISTICS OF TREATED EFFLUENTS (TAFCO)

51 .No. Farameter Concentration®

1. o P 1|
2. Suspended =olids 168
2. HID (5 daye at 2090) A
4. CO T
S Sulphich.s ss g™ W
Ew Chromivm as Cre &l
7. Chromiwn total 2

2., Oils and gre

Nevte: ¥ ALl paramsters sacept pH oexpr

TARE 6.11

CHARACTERISTICS OF COMPOSITE WASTEWATER FROM FROCESS AND
DOMESTIC EFFLUENTS CONSIDERED FOR DESIGNING OF ETP (TAFCD)

51 .No. Faramestor Coveentration®

k-

=, Quspended solids

e Chromium tobal i

£ s

G Sulphides as 9 &

7. Chlorides as cl— PEAD

Note: ¥ All parametsrs escept pH expressec as mo. /L.
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TARLE 6.12

CHARACTERISTICS OF WASTE WATER BEFORE AND AFTER
FRIMARY TREATMENT

& Farameter FhysiccrLl
Jo Tr

Befors

1. pH
Suspended solids

8.0
200
4. HOD 001 26V

4, op

i Chromium

En Sl phides

7. Tannins

TARLE 6.13
CHARACTERISTICS OF WASTEWATER l(ﬂ‘?.rFU?E)Pl\D AFTER BIOLOGICAL TREATMENT

» Diteh Followed
attling Tank

31

=l ferated  Lagoon
N

Farameter Before After Before After

pH 2.0 w. o 7-9

ey

Suspended

=3l ids

FOD

LERd TR 16

e

4 oD Tt T =58

Trace Trane Trace

e Chromium
A Sulphides = - -

Tannins 115 Trace




TAHLE 6.14

COsST FLOWS OF POLLUTION ABATEMENT AFTER SECOND STAGE
TREATMENT (TAFCO)

{In Fupees)

Commercial cost

Fixed cost 2,000,008
15% of fived cost 7,80, 0%8
Operating cost 720,000
TOTA- 15,00, 0

fuantity of water releassd per year 450,000
Cuantity of water used per year S.01,81%
Fer unit cost of water released R

Fer unit cost of water used 2.9




TABLE 6.15
COST FLOWS OF POLLUTION ABATEMENT (TAFCO)

{In Rupees)

Resource Social Commercial cost
cost cost
A, Fixed Cost
f.  tand 125008 142508 Fixed cost 2242232
2, (ther fixed cost 19% of fixed cost 336339
D Machinery and eguipaent 641585 1475646 Operating cost 384232
b. Piping 248593 5933469 TOTAL ' 928567
(o Civil work . Quantity of water 450000
released per year
i) Bricks 1423795 3271923 {K1.)
ii} Ceament 278698 6410885 Quantity of water 1254547
used per year
iii) Steel 304419 7801464 {K1,)
d. Electrical equipment 148286 3408874 Cost per k] of 2.83
water released
e. Installation 183862 243483
- Cost per Kl of 8.73
TOTAL 1986940 4424944 water used
B. Operating. Cost (Monthly)
. Labour
a. Skilled 2580 2508
b. Unskilled 4750 2043
2. Maintenance
a. 0il 469 699
b.  Repair 1297 1297
3. Chemicals 25233 37889
4, Fuel 9583 13197
TOTAL 43843 27567

TOTAL COST (ANNUAL) ‘ 526116 690804




TABLE 6.16
COST ESTIMATES OF POLLUTION ABATEMENT (TAFCO)

Tise (T} in Years - 15 20 5 Iz
Social Rate Resourcre Social Resource Social Resource Social Resource Social Commerciai
of Discount cost cost cost cost cost cost cost cost cial cost

WATER RELEASED

.88 1.20 1.94 8.99 1,38 9.84 1.32 8.73 1.13
a.1@ 111 1.81 8.9@ 1.45 8.75 1.21 B.64 1.82 2.85
8.12 1.83 . 0.82 1.34 .68 1.18 8.57 8.93
NATER USED
8.8 .86 1.37 #.71 1.11 8.60 8.93 8.33 .81
0.8 8.79 1.38 B.64 1.82 8.54 8.85 8.46 8.72 [.83



TABLE 6.17
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COST FLOWS OF POLLUTION ABATEMENT (BATA INDIA LTD.)

(In Rupees!

Resource

cost

A. Fixed Cost
1. Land
. 2, Other fived cost

a. Hachinery & equipsent
b. Piping
¢ Civil work
(1) Bricks
{11) Cement
{113} Steel
d. Electrical equipasent

e. Installation

B. Operating Cost (Nonthly)

{.

Labour

a. Skilled

b. Unskilled
Maintenance

a. 0il

b. Repair
Chenicals

fuel

TOTAL

TOTAL COST (Annual)

250008

Fa909@
Jagg09

2pze20
394899
431348
21e008
{ieeee

s7ee
2180

16834
1853¢
37632

451824

Social Commercial Cost

cost

285000 Fixed cost I250000
197 of fixed cost 487508

2098987 Operating cost 491440

784091 TOTAL 978948
Buantity of water 24300
released per year{kl]

464646
fuantity of water 908

908248 used per year (Kl

992091 Cost per K], of 4.1
water released

483¢00
Lost per Kl, ef 8.99

Jé5000 water used

5788

903

97%

1838

25258

14458

49125

369500
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TABLE 6.18
£OST ESTIMATES OF POLLUTION ABATEMENT (BATA INDIA LTD,)

{In Rupees}

Tise {T) in Years-> 13 28 25 38
Social Rate  Resource Social Resource Social  Resource Social Resource Social  comsercial
of Discount tost cost  cost cost cost cost cost cost cost
WATER RELEASED
- g.e8 1.86 3430 150 2.4 1.26 2.87 .18 1,78
8.18 1.73 2,97 1.38 2.34 1.15 1.93 .98 1.63 4,83
8.12 1,63 2.86 1.28 2.28 1.85 1.80 8.89 1,32
WATER USED
.28 8.46 8.77  8.37 .61 8.3 8.51 8.27 .44
g.18 #.43 2.73 .34 8.57 8.28 8.47 8.24 .40 .99

8.12 B.40 B.7¢ .31 8.54 8.26 8.44 8.22 8.27
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CHAFTER VII

FERTILIZER INDUSTRY

7.1 Introduction

Fertilizer industry has grown very fast during last  two
decades in' India. Our country has a total of 47 nitrogenous and
94 phosphatic fertilieer plants. Theze plants differ in vintage,
capacity, and processes, etc. Varicows pollutants are emanated
from fertiliser plants. Their volume and characteristics  depend
on the choice of technology and guantity and guality of findshed
products. To take a closer look at the magraitude ot pollution
generated by fertiliser wiits and also the complexity of the
problem of pollution abatement in fertiliser unite, two fertiliser
units have been investigated in this study. e of them 1s Zuari
Agro Chemicals Ltd., Goa which bas both nitrogencoas and phosphatic
fertiliser plants and the other is I.E.L. Litd., Fanpr, U.FC which

produces only nitrogenous fertilisers.

Zuari fAgro Chenicales Litd., was  set up in 19467, Thgs

The

comercial production started only in the middle of 1
present position regerding the capacity of the pilant is presented

below:

Production Capacity of Zuari Agro Chemicals |td.

Froducts Licensed Installed Ui ] deed
capacity capacity z

ity (MT)

(M) (M1 e

1. Ammoriia 250, 00 P i MY Vi 1] 106 e cent

2. Urea e 40 R .40, 300 W7 pesr cent
I NFt 1,560,409 1.5, 47 133 pear cent
4. DAF 1,040,180 1,50, 160 119 per cent
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In brief, major products of Zuari Agro Cremicals Ltd.
are Ammonia, Urea, N and DAF. The main raw materials used in
the manufacture of the above are naptha, phosphoric acid and

muriate of potash.

The I.E.L. Ltd. was incorporated in 1994 at Calcutta.
The company subsequently established seven factories at various
places in India. The unit situated in Fanki Industrial Area of
Fanpur is one of them. Urea is the main commodity produced in
this unit. Description of production capacity of this unit is as

under given below:

Production Capacity of I.E.L. Ltd.

Capacity Fer Annum Licensed capacity Installed capacity
in tons in tons

Upto 1979-80 4,50, 022 4,540,000

Since 198081 &, 75, 00D 6,755,000

The capacity utilisation has usually been close to 100 per cent

except when there are substantial power cuts.

7.2 Description of Manufacturing Process

A brief description of manufacturing process of various
products at Zuari Agro Chemicals Ltd. is given below. The +lcw

diagram of various processes is shown in Figure 7.1.

a. Ammonia plant. Ammonia produced at Zwari is consumed by
its Urea, N and DAF plants. This unit has adopted one of the

modern  and  economical low pressure syntheses process for the
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production of ammonia. The process 1s as follows:

In this process, MNaptha is desulphurised and reformed
with steam to obkain ouxides of carbon and hydrogen which is

reachad into a reformer where ailr iz passed  to supply nitrogen

required  for  production of  ammonia. In this process, carbon
monoside is formed as a by-proouct. In order to separate carbon

mnoxide, it is converted into D: which i1s absorbed 1n a
solution., The remaining mixture of nitrogen and hydrogen is sent

to a compressor in the molar ratio of 1:3 to produce ammonia.

b. Urea plant. The carton dioxide produced in ammonia
plant iz regernerated by beating the solution in which 1t 1is
absorbed for  separation. Carbon diovide and ammonia ars
compressed and then fed into wrea  synthesis  reacter along with
carbonate solution. The urea solution thus obtained is sent for
crystallisation. The wrea crystals are further dried and melted
in a melter. Urea pills are formed while descending through trs

tower and are further cooled by upcoming air and finally sent  fer

storage.

c. DA plant. DAF 1s produced by neutralising phosphoric
acid by ammonia. Slurry thus obtained is further ammoniated to
convert it in granular forms. The gremulated DAF is further driec
and screened to separate  the required product size while wunder
size and over sirze granules are crushed into dust which is
recycled back for making gramules. Dust laden gases and other

overtead gases are recycled back to the process.

d. M plant. NPYE dis manufactured in two steps. Step one

includes peutralisation of phosphoric  acid by ammonia while in
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step two the slwrry produced in step one of  the process  1s
ammoniated again to  make granules out of it. While doing this
rotash and urea are added. It is further dried and screened to
separate the required size of gramtles. (Bases laden with dust are

recycled back to the process.

Az mentioned sarlier, the main product of I.E.L. Ltd. is
Urea. Since ammonia is a major input for production of Urea, this
factory has an amnonia plant tooc. However, information about the
process used  in the production of both wrea and ammonia is not

available.
7.3 Consumption of Water by Use and Source

Corporation water is the only source of water for Zuari
AMro  Chemicals  Ltd. Daily consumption of water of this unit is
about 22,03 k1. The rates charged by corporation for water
supply is Re 2.520/E1. The water supplied by corporation is
further treated for cooling and boiler feed. The quality
specifications for above uwses in  this plant are such that
treatment cost of raw water is gquite substantial. The treatment
of raw water for boiler feed costs Rs 15/kl. while treatment of
raw water for cooling purposes costs Rs 8/k1. Chemical analysis
of raw water is given in Table 7.1. Tables 7.2 and 7.3 represent
the specifications of boiler feed water and cooling water
respectively.

In I.E.L. Ltd. total water consunption is 6,790,000 k1.
per month. (Out of which about 20,008 k1. is drawn from tubewells
and the rest is taken from Lower Ganges Canal. The Lower Ganges
Canal division charges 2.5 paise/kl. of water drawn  from the

canal. Fesides this, the factory incurs cost in drawing water
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from canal and tubewell. uality specifications of water by use

are not available for this unit.

7.4 Effluent Generation and Its Treatment

Froduction of fertilisers leads to release of effluents
into the environment in solid, liquid and gaseous forms. The
quantity of effluent discharged from fertiliser plant will vary
widely from process to process and  factory to  factory. The
2ffluent may contain a variety of substances depending upon the
choice of feedstock, process used, and the product, In general,
discharge of fertilizer plant would contain effluents bearing
ammnix, wea, o0il, chromate, phosphate, floride and  arsenic
ffluents. Various pollutants emapating from fertiliser plants
are listed in Table 7.4. The Central Board of FPrevention and
Control of Water Follution has laid down Minimal National
Standards for the fertiliser industry. The State Boards follow
these standards or make the same more stringent if the situation
demands but these standards cannot usually be relawed by them.
The Minimum National Standards (bereafter MINAS) for effluent

water from various plants are listed in Tables 7.5, 7.6 and 7.7.

Although pollution control in fertiliser industry is a
complex  problem but if stringent measures are taken 100 per cent

recycling of effluent or waste water can be achisved.

The Zuari Agro Chemicals Ltd. having a liguid effluent
generation of the magnitude of 55@Q kl./br. has implemented a
number of measures of pollution abatement. The major schemes
inplemented are listed in Annesure [ of this Chapter. As a result

of  these measures, it has been possible not only to meet the
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standards prescribed by the Fol lution Control Board but also
achieve almost 100 per cent recycling of liquid effluent, i.e.,
reduce effluent discharge to zero. Technical information on
effluent treatment processes is not available. However, flow
diagrams of effluent system and effluent recyciing system are
presentad in Anneswre 11 and  fArmewe 11T to this Chapter

respectively.

Effluents generated in I.E.L. Ltd. fall into two main
categories, namely, Nitrogenous effluents and Non—Nitrogenous
effluents. While nitrogenous effluents contain ammonia and urea,
the noonitrogenous effluents contain oil, grease and suspended
splids. However, the major pollutant released by the factory is
ammconical nitrogen, whose cutflow  is  about 600 kg./boar.
Effluents discharged by process bouse are treated through wvarious
processes described  below. The quantity of waste water finally
discharged into the river and sewage is about 6,000 kl./per day.

Chemical analysis of which reveals that it meets MINAS.

Though this factory is=  implementing water pollution
control measures since 1968-69, they were found to be insufficient
to meet the pollution standards of U.F. Follution Control Board.
In view of this the I.E.L. Ltd. decided to incorporate additional
measwres in the form of both process changes and end of pipe
treatment, to control water pollution. These measures include
acquisition of Ebara Funps, Surface Condensers, Hydrol yser
Stripper and treatment of front-end effluents which emanate from -
ammonia plants. The above measures refer to control and treatment
of nitrogenous effluents. Treatment of non-nitrogenous effluents

ronsists of additional measures described later in this Section.
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I. Measwres for Treatment of Nitrogenous Effluents
a. Ebara pumps. These are multistage centrifugal carbonate
FADES . Their induction in the old urea plant has resulted in

reduction of effluents by 6 kl. per plant.

b. Surface condensers. Surface condensers system has

eliminated the use of crystalliser cooling tower thereby
completely eliminating the sowce of effluents contaminated with

ammonia and wrea.

c. Hydrolyser stripper. In this plant, the wrea present in

the affluents undergoes a process of hydrolysis at high pressure
and temperature where ammonia 1is stripped off in a stripping
colwm.  Another Dpératim in the plant is oil separation with the
help of separators. The residual water from this plant is

proposed to be used as cooling water make up.

d. Front end effluent treatment scheme. Effluents emanate

from the front ends of three ammonia plants at the rate of about
@ kilolitres per hour, They primarily contain about 1,500 ppm.
of amwmonia, 4,000 ppnm. of C0» and S00-1508 ppm. of methanol.
Fresence of methanol prevents conbined treatment of effluents
emanating from urea and ammonia plants as methanbl interferes in
the treatment process of wea done in  hydrolyser stripper.
Therefore, separate scheme of treatment for ammonia plant
etfluents has been adopted. In this scheme, first step is
fixation of ammonia  content by adding hydrochloric  acid.
Acidified effluent is then led to LDFE lined solar ponds where it

is left for evaporation to extinction.
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II. Treatment of Non—Nitrogenous Effluents.

This category of effluents esszentially consists of oil,
grease and suspended solids. To remove then various kinds of
separators, filters and settling pits are used. Treated water iz

discharged into myicipal sewage system.
7.5 Estimation of Cost of Supply of Water

The Zuari Agro Chemicals L_td. takes water from municipal
supply  which costs Rs 2.52 per k1. while I.E.L. Ltd. uses both
tubewell water and canal water. The costs incurred by I.E.L. Ltd.
in dfawirxg water from both sowces have been estimated. The
method of estimation used as well as data requirements for
estimation of tuhawell water are same as described in Chapter 3.
Cost flows of resouwrce cost, commercizl cost and sorcial cost of
tubewell water are given in Table 7.82. However, to estimate the
costs of drawing water from canal, data on the fixed and operation
cost of the pump set, etc.., 18 reguired, which bowever could not
be made available by the factorvy. e have, therefore, used
engineering norms to generate this data. Table 7.9 provides break
up of the fixed cost of supplying canal water to the factory.
Cost flows of water drawn from canal are presented in Table 7.10.
The estimates of all the three types of costs of tubswell and

canal water are prezented in Tables 7.11 and 7.12 respectively.
7.6 Estimation of Pollution Abatement Cost of Water
Ther pollution abatement MEasLIres adopted by both the

units swrveyed consist of process changss in production and end of

pipe treatment. Ae mentioned earlier, in Zuari Agro Chemicals
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Ltd., quantity of offluents discharged has been brought to nil.
Therefore, the cost of pollution abatement is sstimated per kl. of
water consumed by the factory. Cost flows of pollution abatement
are given in Table 7.13, while cost sstimates of pollution
abatement are presented in Table 7.14. Cost flows of pollution
abatement for I.E.L. Litd. are given 1in Table 7.15% and cost

estimate of pollution abatement are presented in Table 7.16.

7.7 Results

a. For Zuari &gro Chemicals Lid.  the estimates of resource
cost, social cost and comrercial cost of polluation abatement per
kl. of water used are Rs 8.24, Rs 13.73 and Rs 32.57 respectively,
while for I[.E.L. Ltd. the above costs have worked oot to be Re

1.76, Rs 3.0% and

He T.lb respectively. In T.E.L. Ltd. the
estimates of above costs per kl. of water released are Rs 6.17, Rs

10.60 and Rs 25,05 respectively for r = 0.10 and t = 0.

B. The estimates of resouwrce cost, social  cost  and
commercial cost of tubewell water per kl. are 20 paise, 27 paise

and 43 paise respectively for r and t as 0.10 and 1S respectively.

Ce. The estimates of resowrce cost, social cost  and
commercial cost of river water bave worked out to be 9 paise, 12
paise and 10 paise respectively. However, this is only cost of
drawing water from the river. It is mentioned earlier that the
I.E.L.. Ltd. has to pay a price to local authorities at the rate of

2.9 paise kl. of water drawn from the river.
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TABLE 7,1

RAWN WATER : DATE PF ANALYSIS 13/12/1988

(ZUARI AGRO CHEMICALS LTD.)
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=
Turbidity, ppm

Silica, (SiOz, ppm)

M-alkalinity (ppm as CaCOx)

Total hardness (ppm as CaCOx)

Calcium hardness (ppm as CaCOx)

Chloride (ppm as CaCox)
Sulphate (ppm as CaCO=x)
Iron (Fe, ppm)

Sodium (ppm as CaCo=x)
Potassium (ppm as CaCox)
Conductivity (uv/cm)
T.D.S. 7/ ppm

C.0.D. (mg/KMnOa/1)

24.4

25.8

16.5

13.6

1.2

@.12

12.9




TABLE 7. 2
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REQUIRED LIMITS OF BOILER FEED WATER
(ZUARI AGRO CHEMICALS LTD.)

Parameters

P
Conductivity
DS

Silica (total)
Copper

Iron

0il

Total Hardness

Units

Micro mho/cm
Mg/Litre
Mg/Litre
Mg/Litre
Mg/Litre
Mg/Litre

Mg/Litre

Value
Neutral Range
Max. 1 at 25°C
Max. @B.25 as CalCo=
Max. @.03 as Si0=
Max. 0.@02 as Cu
Max. @B.@03 as Fe
0

N1l




COOLING WATER — MONTHLY VARIATIONS
(ZUARI AGRO CHEMICALS LTD.)

TABLE 7.3

1M1

P

Phosphate, ppm
Total-PO., ppm
Chloride, ppm
Turbidity, ppm

Conductivity (uv/cm)

T.D.S., ppm
NH=—N, ppm
Urea—N, ppm

Silica, ppm

Fe, ppm

S04, ppm

Total hardness, ppm
as CaCO-
Ca-hardness, ppm as
CalO~

M—-alkalinity, ppm

Cycle of concn.

Corrosion Rate, mils/y

CT,
6.2 - 7.0
9.2 - 17.1
14,6 - 32.9
&2.8 - 118
3.7 - 13.8
1240 - 2620
1892 - 1645
.0 - 46.0
41 - 112
.13 - @.48
199 - 329
185 - 196
L@ - 21.7
3.6 - 12.4
2.6

CT=
5.6 - 8.0
8.6 - 17.7

16 - 28.5
72.1 - 134
2.8 - 17

2050 - 4650

1945 - 2979
16.7 - 112

64.9 — 136
0.53 - 1.2

295 - 444

178 - 256
.9 - 235.9
5.4 - 15.9
5.2




TABLE 74 4
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FERTILISER INDUSTRY EFFLUENTS AND THEIR SOURCES

Liquid

b,

Plants

Ammonia l.
2
3
1
2

Urea

NPK i,
2

DAP 1.
2

Sulphuric

acid and

S0s oleun pits

5GP, TSP and
Kitrophosphate
plants

Spent Catalyst

. Arsenic laden sludge

from vetrocooke f1ilters
generated in the (O,
reaoval section

. Used tower packings

especially those
contaminated with
arsenic arising from
€0, removal section in
Amsonia Plants
Continous

. Carbon slurry in qas

generating section of
fuel 0.1 based Aamonia
Plants

. Ash slurry in gas

generating section of
coal based Ramonia Plants

Nl

Slurry from draining
and washing of equipament

. Solids arising froa

spillages

Slurry from draining
and washing of equipaent

. Solids arising fros

spillage

Holten sulphur sludge
froa filters and froa

Nil

. Process condensate contain-
ing 488-1888 ppa amaonical
nitrogen depending on
process and catalyst
condition.

2. KER, Asz05,K2C0; Caustic
Soda

3. Blow down of carbon slurry
tank in partial oxidation
process

Leakages from pusp glands
and washings of equipaent
like CFD and the pneumatic
section of the plant

Leakage froa puep glands
and washing

Leakages froa puap and
washing

Acidic effluent neutralised
with lise

Phosphates and fluorides
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TABLE 7 A Contd.)
7. Phosphoric Phospho-qypsua about Acidic effluent neutralised
acid plants 4.5-5.8 tons/ton of with lise
P05
8. Aemoniua Chalk{Cal0s) slurry
sulphate plant 1.8 tons/ton of
aeaonius sulphate
§. Nitric acid Nil
plant
18. Power station Ash slurry in coal o1l spillages from fired
fired boilers boilers
{1, Nater treatment 1. Used resins Acidic and alkaline ligquids
2. Sludge originating from arising from 1ion exchanges
clarifiers in water pre- after bed regeneration and
treatsent units rising

3. Spiliages of products
1n conveying and bagging
sections

4. Sludge generated while
neutralising alkaline
plant effluent with
H2504 acid or whilst
neutralising phosphoric
acid using lime

12, Effluent 1. Sludge generated whilst Nil
treataent neutralising phosphoric
acid plant effluent with
lime

2. Sludge generated in
chromate removal units
when chrosate treatment
15 used In cooling tcwers.

i3. Cooiing water Chromates, phosphates
systea biocides depending on
the treatment

Source: B.S. Swaminathan, Pollution Control 1n Fertiliser industries, in
Short-Tera course on Pollution Control for Process Industries, I.1.T
New Delhi, 1968. :
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TABLE 7.5

NINAS FOR EFFLUENT WATER
NITROGENOUS (STRAIGHT) FERTILIZER INDUSTRY .

7

PARAMETER CONCENTRATION NOT TO EXCEED,

mg/l (Except p™’
pH . 6.5 to 8.9
Ammonical Nitrogen 50
Total Kjeldhl Nitrogen (TKN} 190
Free ammonia ]
Nitrate Nitrogen 1018
Cyanide (as CN} 8.2
Vanadium {as V) 8.2
Arsenic (as As) 8.2
Hexavalent chromiua 6.1883
Total Chroaius 2,088
Suspended solids 108
0il and Grease 18

Note: ¢ For the plant to be installed, thermal urea hydrolyser stripper
should be designed to give effluent of TKN less than 29 ag/l.

1" Nitrate nitrogen for calciue ammonium nitrate (CAN) and Ammoniua Nitrate (AN}
producing plants should not exceed 20 ag/l

£33 The limits of hexavalent chromium and total chromium should be conformed at the outlet cf
chrosate removal unit. This 1mplies that in the final treated effiuent totai and hexavalent

chromiue shall be lower than prescribed herein,

Source: Same as in Tabie 4,
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TABLE 7

MINAS FCR EFFLUENT WATER
PHOSPHATIC (STRAIGHT) FERTILIZER INDUSTRY

PARANETER CONCENTRATION NOT
10 EXCEED, ag/1
(Except p"}

p" 7.6 - 9.@
tFluorides as F 18
Phosphate as P S
1 Chromiua as Cr - Total 2
-~ Hexavalent 8.1
011 and Grease 19
Suspended solids 1eee

Notes: ¢ The limit for fluoride shall be conformed at the outlet of
fluoride removal unit. This implies that in the final
treated effluent fluoride concentration shall be lower
than prescribed herein which shall not exceed 1.5 mg/l
i1f receiving water requirement so demand.

ts$ The limits for total end hexavalent chroaiua shall be
conforaed at the outlet of the chrosate removal unit. This
1aplies that in the final treated effluent, total and
hexavalent chromius shall be lower than prescribed herein.

Source: Same as in Table 4.
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TABLE 7.7

MINAS FOR EFFLUENT WATER
COMPLEX FERTILIZER INDUSTRY

PARMETER CONCENTRATION NOT 10
EXCEED mg/1 (EXCEPT p™)

o 6.5 to 8
Ammonical Nitrogen 30
Free Ammonical Nitrogen 4
$ Total Kjeldhal Nitrogen (TKN) 100
+ Nitrate Nitrogen e
Cyanide as CN 8.2
Vanadium as V 8.2
Arsenic as As . 8.2
$t Chromium as Cr - Total 2.8
- Hexavalent 8.1
++F Juoride as F 1@
Phosphate as P 5
0il and Grease 18
Suspended Solids 100

Notes: 8 For the plants to be installed, theraal urea hydrolyser stripper shall
be designed to produce efluent of less than 25 mg/l shall be designed
to produce effluent to less than 25 mg/l TKN.

+ Nitrate ritrogen for ammonium nitrophosphate, calcium ammonium
nitrate (CAN: and ammonium nitrate piants shall not exceed 28 ag/l.

$¢ The fimits tor totai and hexavalent chromium shaii be conformed
at the outiet of the chromate removatl unit. Thiu implies that in
the tinal treated etfluent total and hexavalent chromium shall be
lower than prescribed herein.

t+ The jimit of fluoride shall be conformed at the vutlet of
the iluoride removal unit. This implies that in the final treated
etfiuvent fluoride concentration shall be lower than prescribed
herein which shall not exceed 1.5 mg/l if receiving water requirement so
gemands.,

Source: Same as in Table 4.
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COST FLOWS OF PRODUCTION OF TuBEWeLL WA TER

(I.e.L. L10.)

(In Rupees}

Resource Soc1al Commercial cost
Costs Costs
f, Fixec Cost Fixed Cost
1} Machinery and Equipment 137 of fixed cost
{a; Pioe 33734 77588 Operating cost
(b) Pymp 9804 225425
te) Fittings 17816 39137 Total
2} Construction (uantity of water
used over a year
(a) Cement 18267 23614
{b) Bricks 9293 12082 Per Unit market
(c) Steel 11215 297935 cost of water
3} Labour 4800 20648
Total 223496 474281
d. Operating Cost (Monthly)
[} Maintenance
(a) 011 100 158
{b) Repair 282 262
7} Fuei 7508 10298
3v  Labour 1o 983
Tota: voerating Cost (Annuaii 9962Xi ¢ Fieling?
=119784 211959

240000

Joe0e

128024

156024

360080



BREAK UP OF FIXED COST FOR RIVER WATER (I.E.L. LTD.)

TABLE 7.9

{} Machinery & Equipment

a) Pipe

b) Puap

o) Fittings
2) Construction
a} Cesent

b} Bricks

¢) Steel
3) Labour

Total

247
641
127

197
207
4e7

39.731

48.51

.75

108.407

118



TABLE 7. 10
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COST FLOWS OF PRODUCTION OF RIVER WATER (1.E.L. LTD.)

(In Rupees)
Resource Social Commercial cost
Cost Cost
A, Fixed Cost
1 Machinery & Equipaent Fixed Cost
a) Pipe ! 120008 276080 197 fixed cost
b} Puep Jz20000 736000
c} Fittings 60008 138008 Operating cost
2) Construction
Total
a) Cesent 217194 499547 Quantity of water
used over a year
b} Bricks i 259955
¢) Steel 237239 945658 Per unit market
cost of water
3 Labour 160008 68608
Total 1225544 2519552
B. Operating Cost (monthly)
|8 Maintenance
a) 0il 6200 9300
b) Repair 17500 17500
2} Fuel 42000 57666
3 Labour pees 3448
icta! Operating Cost iAnnual) 73788X1Z  E7586112
-BB4400  -185487:

1361328

284198

900008

1184198

72080008



TABLE 7. 11
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ESTIMATE OF COST OF PRODUCTION OF TUBEWELL WATER ¢1.E.L. LTD.)

(In Rupees)

Time (T} in
years -) 15 20 25 k')
Social rate of discount Resource Social Resource Soc1ial Resource Social Resource Social Coam
cost cost cost cost cost cost cost cost  ercusl
cest
8.08 .23 0.38 g.19 8.25 B.16 8.21 g.14 8.18  0-43
g.18 8.28 8.27 8.17 8.22 8.14 8.19 8.12 8.16
8.12 8.19 8.25 0.13 8.20 8.13 8.17 8.11 8.14
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1ABLE T4 12

ESTINATE OF PRODUCTION OF RIVER WATER (1.E.L. LTD.)

{In Rupees) .

Time (T) in
years-» (] 28 25 38
' Social rate Resource Sorial Resource Social Resource Social Resource Social Commercial
of discount cost cost cost cost cost cost cost Cost cost
8.e8 g.188 8.135 9.893 8.115 8.083 6.185 8.876 8.095
0.18 8.098 8.125 9.88s 8.183 8.876 8.9895 0.8s9 8.885 8.178

8.12 8.085¢ B.115 8.e79 8.895 8.87¢ 8.885 8.863 2.875
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TABLE 7. 13

COST FLOWS OF POLLUTION
{IUART AGRO, 6OA)

{In Rupees)

Resource Social Comsercial cost
Cost Cost
f. Fixed Cost
1. Land 1000888 1140000 Fixed Cost Joed0008
2. Other Fixed Cost 15% Fixed Cost 9400000
1) Machinery and Equip-
sents and piping 14615858 33614619 Operating Cost 7508000
11} Civil Work
a) Bricks 2356902 5420673 Total 12980000
b) Cement 4607138 18596442
c} Steel 9832350 11574486
111) Electrical
Equipaent 2450008 5635000 Quantity of 396000
water used per
1v} Installation 1750008 4025000 year (Kl.)
Total 31811468 72086358 Cost per Kl. of 32.97
water used
B. Operating Cost
I} Labour
a) Skilled go2g goes
b) Unskillbed 18750 4622
7} Maintainence
ai Gii 2258 3837
bi Repair 7218 7218
3) Chemicals 200652 308979
4) Fuyel 397563 4998934
Total 986741X12 BeB3T2x12

Operating Cost
{Annual) 7840892 97088464
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TABLE 7+ 14
ESTINATES OF COST OF POLLUTTON ABATENENT (IUARI AGRO, GOA)

(In Rupees!)

Time (1) 1n

years-)> 19 20 25 30

Social Rate Resource Social Resource Social Resource Social Resource Social Cormercial

of discount cost cost cost cost cost cost cost cost cost
6.08 19.59 26.16 12.73 21.89 18.75 - 17.65 9.37 15.28
¢.18 14,36 24.53 11.97 19.98 9.68 156.18 8.24 13.73 32.97
6.12 13.41

23.23 18.59 18.13 8.76  14.91 7.43 12.60




TABLE e 13

COST FLOWS OF POLLUTION ABATEMENT (1.E.L., KANPUR)

{In Rupees)
Resource Soc1al Commercial cost
Cost Cost
f. Fixed Cost
1) Land 60800000 5840000 Fixed Cost 176200000
2) Other Fixed Cost 15% of Fixed Cost 26430008
1} Machinery 51373757 118624242 Operating Cost 27615228
11)Pimping 19348929 444684092
111) Civil Work ) Total 54105228
a) Bricks 11461279 26368942 h
b} Cement 22403949 519529482 Quantity of Water 2160008
¢} Steel 24471683 962845687 released per year
(K1.})
ivl Electrical
Equipaent 11914000 27402200 nater used per 7568000
per year (ki}
vl Installation 8510008 19573800 Cost per Kl. of 25.85
water released
Total 155677497 351098243 Cost per KI. 7.13
water used
B. Operating Cost
1) Labour
a) Skilled 40000 40000
b) Unskilled 28758 12363
2) Maintainence
ai 1l 36935 35482
bi Renair 184248 104248
3) Chemicals 783238 1024848
4) Fuel 1253156 172@583
Total 2192476x12 2971789x12
Cperating Cost
{Annual) =25829712 235661448
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TABLE 7.16

ESTIMATES OF COST OF POLLUTION ABATEMENT (IEL, KANPUR)

(per KL of Water)

———
- 4 a8 - e s o e S et Ak B - e e o 73 R e

(1n Rupses)

53233(T) g 15 20 25 30
social Resource Social Resource Social Resource Social Resource %ocial ~—~Commsriecarl
rate cost cost cost cost cost cost cost cost cost
of
discount _
WATER RELEASED
0.08 11.66 20, 30 9,46 15421 7.95 13.50 6,90 11.63
0.10 10.86 19,20 9.68 15. 14 7.23 12451 6.15 10,54 24,96
9412 10,22 18.32 8.03 14.23 6461 11465 5.59 9,83
WATER USED
0.08 "3 34 5.81 2,71 4,64 2.28 3.87 1.98 3.33
0.10 3611 5.50 2.49 4,34 2,07 3.58 1.76 3.03 7.16
0.12 2,93 5.25 2.30 4.08 1.90 3.34 1. 60 2.82

SZt
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ANNEXURE !

IUART AGRO CHEMICALS LTD.

The major schemes isplemented are as follows:

In stallation of separate cooling tower No. 3 for barometric condenser condenser
in Urea Plant for the purpose of recycling all the urea plant etfluents. (1976} (21.62
lacs),

Installation of hydrolyser stripper for treating Ammonia Piant process condersate for
recycling as Boiler Feed Water. (1977) (1.B4 lacs).

Installation of 4th cooling tower for recycling of CO: direct cooler water from Amsmonia
Plant. (198S) (28.82 lacs).

Change-over of CO; resoval systes in the Aasonia Plant from the vetrocoke to Benetield
Systes. (1975} (97.77 lacs).

Recycling of backwash water from the sand filter in Water Treatment Plant.

Installation of piped headers, lining of various drains with acid proof bricks lining,
laying of epoxy painted aetal drains to avoid problems of seepage (1977-82) (1.51 lacs).

Relocation of cosplete effluent treataent plant with better lining materials (1983)
t17.3 lacs).

A nusber of scheses for recycling of eftluent 1n various plants such as urea wash water
recyling tank in the Urea Plant, recovery tank 1in NPK Plant and cooling water
recyclingg tank in Power Plant. (1979 -1982) (1.15 lacs).

Installation of three holding ponds for the purpose of storing the effluents incase of
upsets. This water 15 also being recycled to DAP and NPK Plants,. (1989) (15.29 lacs).

Installation of Guard Pond for hodling of all the effluents in case of total upsets.
(1985) (8.8 lacs),

Installation of diffuser in the final effluent discharge line 1n the sea for better
dispersion and dilution at the discharge point. (1982} (12.53 lacs).



ANNE gk s

EFFLUENT RECYCLING SYSTEM SCHEMATIC FLOW DPIAGRAM ZAGCL
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.

ZUARI AGRO CHEMICALS LIMITED
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CHAPTER VIII

VANAGPATI INDUSTRY

8.1 Introduction

Vanasspati  is an important food  products supnlying

industey in India.  The main raw materials used in the manufactbure

of  vanaspati are edible vegetable -ils, such as groundrnut oil,

cotton seed oil, sesame oil, etc.

Like other industries vanaspati industry also consumes a
fairly large guantity of watar, a part of which is discharged with
inparitises  in the form of BEID, 0D, o0il and greas=, nickel and
suspended =olids.  To identify the water requirements and effluent
gene-ation in thiz incdustry, it iz necessary to  further
imvestigate individual wunits in vanaspati industry. Two units  of
vanaspatli have been investigated for this parpose.  Both the units
are lozated in the Gangetic bhasin. One of them is Motilal Facampat
Ubyog Ltd. situated in Fanpur while the second is s YVegetable
Froducts producing wit situated  in Calcutta.  Eoth the units

marufacture vanaspati.

8.2 Manufacturing Process

YVanaspati manufactring  is  basically conversion of
vegetable olle into hydrogenated fats. Processing of vegetable oil

15 made up of several stages, namely, refining of raw-oil,



hydrogenation, re—refining and deodorisation.? The quality of
final product as well as pollution load would depend on how well
and elaborately each of the process is performed. Figure 8.1 gives

a flow diagram of the manufacturing process.

(i) Refining of oil. All raw oils contains cseveral
impurities, such as free fatty acids, gums, colouaring matter, etc.
Free fatty acids are the most undesirable elements as they
interfere in the process of hydrogenation and also have a
disagreeable odour. In refining process free fatty acids are
removed. In these units this is done using caustic alkali. To
remove  the colour content in oil, it is bleached by absorbing it
on the surface of bieaching earth or a mixture of bleaching earth
and artivated carbons. In case some colouwring matters are left,
further decolourisation is done to remove them during the process

of hydrogenation.

(il) Hydrogenation. After bleaching, the next stage is
hydrogenation of oil. In this process hydrogenator is charged with
pre-refined oil and catalyst, and the system is heated by steam in
coils. Hydrogen gas is introduced into the vessel and the heating
is increased to about 160 — 180=C. After the oil charge has been
hydrogenated to the desired melting point, it is cooled carefully
and then filtered to remove the catalyst.

(iii) Refining of Hydrogenated Oils. As the oil is
heated upto a high temperature during the process of hydrogenation

this results in slight increase in the percentage of fatty acids.

1. Mathur, M.M., Varaspati Industry in India, Fh.D. Thesis
submitted to University of Agra, 1971.
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Fuwrther the filtered oil carries with it very small guantities of
nickel which is used during the process of hydrogenation.  To
produce = good gquality of  vanaspati it is d:r;sidered VeI
pgsential  that  the filtered hydrogenated ool shoold e refined
again =0 == to neotralise and bleach it further before the oil  is

ssed on to the newt process of prochuction of veanaspati, viz.,

deodorisation.

{iv)Decdorisation. The process of alkali refining of
the vegetable oil and bleaching results in remdval of some of the
odours contained in the oil. Bt there are some  flavouring
asubstances which are not removed during the process of alkali
refining and bleaching. It is for removing these left overs of
flavouring substances  that the processe of deodorisation is

required.

Decdorization is done by distillation in a ocwrent of
steam in vacuum and at temperatures etwesn 15300 to 250°C. In this
process even very small guantities of free fatty acids left in oil
are removed and  very small quantities of leftovers of colouring

matters are also removed.
8.3 Water Consuwnption and the Cost of Froduction of Water
Source of water for  both the whits swrveved is  own

tuberel ls. Daily consunption of water in Motilal Padampat Udyog

Ltd. is about 799 Kl1. 0Out of which &

Fl. 1is consumed in
industrial use and the rest in domestic use. In Vegetable Products
uwnit  of Calouwbta, consumption of water in industrial use is 280
Fl. per day. Using this information, we have made estimates of the

number of tubewells required and als=o the fixed and operation cost
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of tubewells. Cost flows of cost of water are presented in Tables
8.1 and 8.2 for Motilal Padampat Lidyog Ltd. and Vegetable Froducts
respectively., The cost of water has to be calculated using
methodology  mentioned in Chapter 3. Table 8.7 displays the
estimates of cost of water for Motilal Padampat Udveg Ltd.  The
recsource cost, social cost and commercial cost estimates of water

are Re 0,248, Rs B.340 and Rs 0.54 respectively for 1 = Q.18 and T

1% years. Table B8.4 presents estimates of cost of water for
Vegetable Froducts, Calcutta. It can be seen from the above table
that there 1s a significant difference in the cost of tubewell
water between the two Bangetic regions, viz., Eanpur and Calcutta.
The rescurce cost of production of water for Calcutta unit iz Rs
2.4451. while it costs only Fs 0.26 to draw a El of water from
Fanpur.  For given values of r=0.10 and T=10 years the resouwrce
cost, sccial cost and commercial cost of water for vegetable

products 1s 55 pailse,, 76 pailse and ?1 paise respectively.
8.4 Estimation of Cost of Pollution Abatement

ThHe average total quantity of industrial effluent
discharged 1in a day is about S8 KL in Motilal Padampat Udyog Ltd.
In the case of Vegetable Products, quantity of industrial effluent
iz not available separately, however, average total quantity of

waste water (including domestic) discharged in a day is about 11@
El. The pollutants released by both the factories are common. Main

pollutants are suspended solids, sulphuaric acid which has  the
effect of increasing BEID and COD, nickel, and some organic

constituents of oils.

Eoth the units have chosen the end of pipe treatment
method to control-pollution. In addition to this In—-plant control
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meEasures  have  also men taken. T is eentionsd esrlier that the
major  by-prochct of  vanaspati o industry iz soap. Frocess  of

ramoving  fres  fatty  acids from raw olls s such that lot of oil

content iz present in the raw scap. Inoordes to give a guality to

Z0Ap arsy ko remeees ol content o an AT 1l i removed

Byowashing soap with waker, This water containing oil usesd to be
discharged as waste water wnhll oll sepseators  were acqulred by
the units surveved, Thue with the help of otl separators, these
units not only reduce the pollution load ot also benefit from oul

recoversed in this process.

End of pipe treatment technology adopted by these units
pape sy E
consist  of both primary and secondary treatment process. Frimary

treatment is & phvsicochemical process  described  in

zarlier chapters while coidary treatmertt is a biological process

where some bacteria ing the waste

Cost  of pollution abatsment  is estimated using
methodology described in the sarlier chapters. Tables 8.5 and 8.4
present  cost  flows of pollution abatement for Motilal Padampat
Udyog and  Vegetable Products respectively. Cost estimates of
pollution abatement for the above units are given in Tables 8.7
and 8.8. Table 8.7 reveals that resouwrce cost of pollution
abatement per Kl. of water released is Rs 4.41 while social cost
is Rs 8.19 when, r o= .10 and T = 70 vears., For Vegetable Froducts
resource cost of pollation abaterment per Hl. of water released
worked out to ke Re 1.66 and sccial cost Rs 2.080, (see Table 8.8),
which is much  lowsr compared to the cost of pollution abatement

for Motilal Fadampat Udyog Ltd.
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TABLE 8.1

COST FLOWS OF PRODUCTION OF WATER
(MOTILAL PADAMPAT-TUBEWELL)

{In rupees)
Resource Social Commercial cost
cost tost
A. FIXED COST
{.  Machinery and equipment _ Fixed cost 240082
a. Pipe 33734 77568 13 per cent cf Fixed cost T
b. Pump 8@ 225425 Operating caost 117024
C, Fittings 17016 39137 TOTAL : 133824
2, Construction Per unit martet cost 8.538
of water
a. Cesent 10267 23614
b, Bricks S35 12082
L. Steel 11218 25795
3. Labour 48088 20648
TOTAL
B. (OPERATING COST (NONTHLY)
i, Maintenance
2. 0il 1ea 150
b. Repair 281 281
2, Fuel 7258 9954
3. Labour 21ee 9e:
T0TAL 973! 11288

TOTAL ANNUAL COST {18772 135459




TABLE 8.2

COST FLOWS OF PRODUCTION OF WATER
(VEGETABLE PRODUCTS-TUBENELL)

(In rupees)
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Resource Social Commercial cost
cost cost
A. FIXED €OST

1, Machinery and equipment Fired cost 158008
a. Pipe 21084 48493 154 per cent of Fixed cost 22588
b. Pusp 61257 148891 Operating cost 69812
c. Fittings 18635 24448 TOTAL 91512

2. Construction
a. Ceaent 5417 14759 Per unit market 8.9¢
b. Bricks 283 7351 cost of water
C. Steel

3. Llabour jgdee 12988
TOTAL 139685 263173

B. OPERATING COST (MONTHLY)

1. HNaintenance
a, 0il 49 13
b. Repair

2, Fuel 4508 6178

3. Labour 1058 451
TOTAL 5748 6843

TOTAL ANNUAL COST LEREL 82116




TABLE 8.3

ESTIMATES OF COST OF PRODUCTION OF WATER

(MOTILAL PADAMPAT-TUBEWELL)

1o

{In rupees)

Time (T) in Years -} 15 20 25 k')
Social rate Resource Social Resource Social Resource Social Resource Soc:al Commercial
of Discount cost et cost cost cost cost cost cost cost
0.03 8.287 9.372 9.240 8.3087 8.2085 8.261 g.188 8.229
8.10 0.260 2.240 p.213 8.277 ¢.180 9,223 8.154 @.198 g.238
8.12 8.238 LS 8.19¢ 9.25¢ 8.159 g,2a8 8.133 8.177
TABLE 8.4
ESTIMATES OF COST OF PRODUCTION OF WATER
VEGETABLE PRODUCTS-TUBEWELL)
‘In rupees)
Tize iT) in - 19 15 20 25 BY')
Spcial Re- Social Re- Social Re- Social Re- Social Re- Social Comeer-
Rate of source cost source cost source cost source cost spurce cost cial
Discount cost cost cost tost cost tost
8.98 8.396 0.508 8.484 B.642 0.404 9.53¢0 8,345 9.450 8.3030.394
8,18 8.55¢ B.764 6.438 9.588 8.359 8.477 8,704 8.40! 8.269 8.342 0.9:2
g.12 8.524 0.723 9.402 8.544 8.322 9.432 9.268 8,359 8.228 8.389




TABLE 8.3

COST OF POLLUTION ABATENENT

(HOTILAL PADAMPAT)

{In rupees}

Resource Social Commercial cost
cost tost
A. FIXED €OST
1. Land Fived cost 1825000
2, Other fixed cost 125008 142500 15 per cent of fixed cost 273758
a. Machinery & equipaent 908725 (178868 (perating Cost 84594
b, Piping 193182 444319 T07AL 158744
c. Civil work Fer unit rost of water 19,93
released
i. Bricks 114478 263299
ii. Cement 223776 14485 Per unit cost of water used 1,26
iii.  Steel 2444328 562184
d. tlectrical eguipments {19000 273780
e, installation geee 195500
T0TAL 1613589 3566255
B. OPERATING COST (MONTHLY)
{, Labour
a. Skilled 1417 1417
b, Unskilled {858 452
2. Maintenance
a. 0il 369 554
b. Repair 1842 1842
c. Cheaicals 1853 (o680
d. Fuels 1877 2577
- 70TAL 4808 1622
TOTAL ANNUAL COST 81694 91444
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TABLE 8.6

COST OF POLLUTION ABATEMENT

{VEGETABLE PRODUCTS)

{In rupees)

Resource Social Compercial cost
cost cost
A. FIXED COSY
{. Lland 2opped 285008 Fived cost geeode
2. Other Fixed Cost 13 per cent of fived cost {2000
3. Machinery & equipment HLLESE 183332 Operating Cost 258020
b. Piping §250¢ 14373580
. Civil work TOTAL 170020
i, Bricks 85185 Fer unit cost of 7.34
il. Cement {66515 water released
ili.  Steel 181882
d. Electrical equipments ig5ee 8850 Per unit cost of water used 1.87
e, Installation 27508 63258
TOTAL TILER 1397454
B. OPERATING COST (WONTHLY)
t.  Labour
2. Skilled - -
b. Unskilled 3sp 1348
2. HMaintenance
a. 0il 1432 2148
b, Repair 447 4843
2. Chesicals cecd 7575
3. Fuels G460 7497
TOTAL 19585 22811

TOTAL ANMUAL COST 23582¢

273732
hivirda




TABLE 8.7

ESTIMATES OF COST OF POLLUTION ABATEMENT PER KL. OF WATER

(OTILAL PADAMPAT)

{In rupees)
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Time (T} in Years -} {3 25 ie
Social rate  Resource  Social  Resource  Social  Resource  Social  Resource  Social  Comsercial
of Discount tost cost cost cost cost cost tost cost cost
WATER RELEASED
.80 8.57 16.12 .78 12,39 3.91 10.97 4,69 2,54
g.18 8.28 13.78 Al 12.86 3.23 .77 4.41 8.19 19.93
2.12 8.83 13.51 A 11.78 5.00 9.51 4,20 7.96
WATER USED
.88 2,54 1.82 Y 2.78 8.34 .43 8.29 8.53
g.id 8.52 8.99 e &.7s 8.33 g.61 8.27 8.51 1.26
0.12 .58 2.98 8 8.74 .31 8.60 8.2¢ 2.5




TABLE 8.8
ESTINATES OF COST OF POLLUTION ABATENENT PER KL. OF WATER

(VEGETABLE PRODUCTS)

14

{In rypeec)
Tiae (T) in - 18 15 78 25 M)
Social Re- Social Re- Social Re- Social Re- Social Re- Social Commer-
Rate of source cost source cost source cost source cost source cost cial
Discount cost cost cost cost cost cost
RATER RELEASED
0.08 4,54 6.3 3.83 2,19 3.26 4,74 2.8% 3.77 2,51 Lh
g.19 4,24 9.8% 1.45 4,70 2.9% 3.92 2.48 3.3 2.16 2.9¢ 7.34
8.12 1.92 5,48 312 .32 2.599 3.596 Z,20 .82 1,92 282
WATER USED
@.08 1.82 2.48 1.5¢ 2.02 1,28 1.7¢ 1,12 1.48 0.93 1,30
#.10 1.67 2.38 1,35 1,84 1.14 1,54 8.97 1.3 8.85 1,14 3.67
8.12 1,54 2,15 1,23 1.69 1.82 1.40 8.86 1,18 8.75 1,83
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MANUFACTURING PROCESS OF VANASPAT]

HYDROGEN HYDROGEN
HOLOER

COMPRESSOR

FLOW DIAGRAM

| HIGH PRESSURE T
HYDROGEN '
CYL\NDEF?S

» z
o) ©
K Y] 5 : 2 3
o Z I r o 2 Y 2
GENERATOR ?n qE s g Iz %‘éé‘g ‘\gg Sg&‘i‘g " 8 :ij WTER 3
203 %2 g 4k 735 25 s 8 23 1g 4 =
d0o¢ & wl |3 ws g |'lcatawvsr g > LY 1 2 > <
Vang > ¥ |3 & | vorweuse | g w v
1 - 9 - — 1 ) 0 n
] v "] 9
- LA L Hr . |
NEUTRA- BLEACH HWAROE - NALUTFRA- BLE DEODO-
LISER ) 1 NING . USER \NG' RISER
VESSEL VESSEL VESSEL
- \ -
[ | —
. A =
M- 4 b g & b
=TT \ G L] {
A v g \
VEGETABLE
OIL STORAGE : ) S
TANK
— ng\eu Esvon:mr. SYORAGE STORAGE g STORAGE STORAGE.
TANK YANNK YANK . TANK TANK. TANWK |
HYDROGENATED
SOAP STOCK VEGETABLE OW. -\
f STORAGE TAUK
[NITAMINS. )
R {1 [f ]
SOAP STOCK SPLITTING SELSAME OIL
STORAGE TANK
GODOWNS coOLNG TIN BLENDIN ‘
or&paren ] Room FILLING TANK o
MANUFACTURING PROCESS OF VANASPATI-A FLOW DIAGRAM

figure 8,1



147

CHAPTER IX

COTTON TEXTILE INDUSTRY

9.1 Introduction

The cotton textile industry is very old in India. There
are a nunber of units manufachturing cotton textile all over the
countiry . Textile industry is a fairly water intensive industry.
A= practically every manufacturing step is followed by washing.
Az oa result the quantity of water discharged/effluents  from
process bouse 15 likely to be substantial. The total water bill
depend= on the quantity of water conswmed and the cost of effluent
treatment to the units depends both on quantun and characteristics
of the efflusnits. A reduction in water consumption would have the
etfect of lowering water bill as well as the cost of pollution
abatement, In order to promote both pollution abatemsnt and
poellution control a scheme of incentives/disincentives needs to
e designed and implemented. In view of this, estimation of the
cost of water supply and the cost of pollution abatement in
textile industry is attempted. In order to do this., a survey of
five textile units is undertaken, Fanpur city situated in U.F. has
a nunber of textile units of varied nature and capacity. Five of
them have been investigated. The names of and products

manufactured by these units are indicated in Table 9.1.

Cotton fabric or yarn is made using natural cottom. Trhe
total production process of cotton cloth can be divided into two

main processes:  spinning and weaving and textile processing. £
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flow sheet of both the processes 1s presented in Figure 9.1.

It can be seen that some of the units listed in Table
9.1 are manufacturing synthetic cloth in addition to cottor  varm
and cloth. These units have recently diversified their production
in  view of the changes in market demand. Synthetic fibers/cloth
aleo known as Man Made Fibers/cloth is made wusing natural  and

syntietic organic molymsr.
2.2 Manufacturing Frocess

The pi"cx:ess adopted in genér-al for manufacturing cotton
fabric is presented in Figure 9.1, Maruwfacturing process 1S
almost same in all the units @urveyed, Alzo, the inputs used in
woduction are more or  less  same,  however  their guantity  and
Ouaiity waries depending on the capacity and requirements of final
preciucts. The process flow diagram  presented in Figure 2.1,
indicates variows stages of production starting from cotton bales
to finishing of fabric. Homever, during the couwrse of discussion
with the officials of the units, it was brought out  that next
often all the processes are carviedd oo simoltaneously.  Soretines
only grey oloth is produced and  sold whereas at other tires,
derending on the market demand, grey cloth may sometimes be bought
from outeide and only printing is done in the factory. On account
of variation in the quantity of the final product, the guantity of
water consumed as well as guantity and characteristics of

effluents vary.
2.3 Water Requirements and Cost of Supply of Water

In all the uwnits a major proportion of water

requireanents is net from water supplied through own tuberells.  In
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general, quantity of raw water consumed per day would be 8 lakh
litres for optimally designed cloth production of 80,000 metres
rer day. n account of variations in final product in the units
surveyed, it was  found  difficult to maintain data  on water
consumption per wnit of varn or finished cloth. However, data on

consumption of water per o

vimorrth was made avallable to us. The

cost flows as well as coet estimates of supply of water are made

using methodology described in chapter 4. Estimates of cost flows

are presented throwgh Tables 9.2, 2.3, 2.4, 2.9 and 9.6, while

cost estimates are displayed in Tables 9.7, 2.4, 9.7, 2.10 and

P.11.

?.4. Effluent Generation and Cost of Follution Abatement

Information reqgarding effluent generation and pollution
load gererated Dy ths varioas wnits  wes  collected through
questionnaires and also throogh personal discussions, Froporticon

of effluents released per wnit of water consured varies between 47

per cent to U4 per cent in the case of thres onits namely: Elgin

Mills. In Mew WVichoria Mills it is 78 per cent and for J.E.
Cotton Mills it is 20 per cent. The cause for wsuch a  large

variation in proportion of water released to water consumed seems
to be on account of differences in processes as some processes are
more water consuning than other,

The other reaszcn for a low discharge could be economical
use of water for which there is lot of scope in this industry.
For example, cooling water can be recycled for washing and
bleaching of both yarm  and fabric pollution abatement measures
have been taken by 4 units, These are the new victoria Mills,

Muir Mills and J.E. Cotton Spinning and Weaving Mills and Elgin
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Mills.

alen im thes process of  designing

E.T. plant and preparing a feasibility report.  Al1 the units have

adoptsd  =nd of pipe  treatment of pollution abatement.

treatment  have been

Frovisicn coth primary  and  eecos

provided. Iy the primary treatment, rocsss effluent or e

tion tank wheEre

water

-

it iz retsined for about 5 ohowrs to belp the effluent coming from
various sources in mixing to a wniform guality. The effluent over
flawing cut of this tank is received in flash  mived tank where
alum and sluwry of lire is mixed with it. From this tank effluent

1 e inte clariflocculator trunk where  coagulation  of

Hl

snependec] solids takes place. The clear  supesrnatant liguid  is
sent  into seration  tank for secondary treatment. This process
consists of biclogical ftreatment of sffluent  received from
clariflecculator  where micro organizns are added and activated in

the presence of owxyoen provided by thes swrfacs attar, The micro

organisms ezt up the organic matter thos reducing concentration of

pol latar Farat o ens 15 1 ex] wntil desired results

arg raticer tank  are  taken to

t1e downy in the form

~ where mLCror-TygarLsms

tids and the clear supernated lloguld overflows ool

SIS

of this tank which is discharged into the cewa

= . T. Flant is in full

Freesently only in Mair Miil, ¢
operation . Other three vnits are sither doing  primary  stage
treatment or just sogualization followsdd by pressuwre filtration. &
flow diagram of effluent treatment plant of Midr Mills  is

presentsd in Figure 9.2

in E.T.plants,

tking the information about
of the cost of

provided by the units  swveyed,
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pollution abatement is attempted. The methodelogy used is,
however, same as mentioned in chapter 2. The cost flows of

pollution abatement are presented through Tables 9.12, 7.13, 9.14

and 9.15. Estimates of the cost of pollution abatement are
displayed through Tables .16, 9.17, %.18 and 2.1%. It is

appafent from the  above tables that there is a big difference
between cost estimates of Mailr Mills vis-a—vis the other thres
wnits. This was expected on account of difference in the
treatment levels across factories. The rescurce cost and  social
cost of pollution abatement per Fl1 of water released for Mair
Mills is Rs. Z2.67., and FRs 4.42, respectively, while the estimates
of the above costs per unit of water used are e, 1.17, R=. 1.94,
respectively, given that r=0.10 and T = 7@ years. The commercial
cost  per unit of water released is Rs 10.81 and $or water used is

Re 4.71.

AFFENDIX TO CHAPTER IX

Manutfacture of cloth from cotton yarn  industry 3 main

processes — a) Spinning b) Weaving and ) Dying & Blsaching.

Spinning is mainly done with spidles which not only draw
fibres from cloth, but also twist them into yarm. The yam is
then rest to the weaving loom where it is sirzed and woven. The

woven cloth passes through the dying and printing procscses,

The variation in gpinning techniques machine design  are
based on fiber length and type of fabric required. The machinery
tor the assembly of various yarms for weaving for  instance, is

determined by the “tensile strength of the varn produced and the
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width and the end us=e of the product. The printing process calls
for highly specialissed techniques. The mors advanced the
technology, the more sophisticated the machinery and equipment is
required. Important tectnological charges in the textile industry
have entirely by passed most of the Indian mills, Developments
such as semi—high or high production cards, high-speed dras—frames
and ring frames, and semi—automatic and automatic looms have been
adopted to a limited extent. The technological growth in India
has been extremely slow as reflected in the excessive reliance on
renovation as opposed to replacement in the modernisation process.
Even in more modermised firms in the Indian textile industry, the
average level of technology iz at the intermédiate stage according
to international standsrids.  To determine this index, the value of
plant and machinery was called out and taken as one of the
measures of technological adjustment. s separate figures for
plant and machinery were not available for the earlier periods,
proportion of investment in plant and machinery for the latest ten
wvaare 1964 to 1973 were calculated. Thesze proportions were
relatively uniform over  the  ten year  periad. fAverages were
therefore taken as reflective of the normal ratio of irvestment in
plant  and machinery to fixed assets. These average percentage
were than applied to the figuwres of fixed assets for the earlier
pericds to obtain investment in plant and machinery over the three

spans. The mills were then ranked.
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TAHE 9.1

INDUSTRIAL UNITS AND THEIR PRODUCTS

S.No Name of Unit Froduct
1. PMew Victoria Millse, EHanpue Corey cloth, processsd
cloth

2. The Elgin Mille Company Cotton Yarm and cloth
Ltd. . Eanpur and Folyester

A J.F. Cotton Spinning and Cotton and Terry cotton
Weaving Mills, Fanpur fabrics

4. Mur Mills, Kanpur Cotton Yarm and Cloth

5. Lakshmni Ratan Cotton Mills, Cotton Yarm and fabrics

Fanpur




TABLE 9.2

1532

COST FLOWS OF PRODUCTION OF WATER (MUIR MILLS, TUBEWELL)

{In rupees)

f

Commercial cost

] Fipe

bl Puan

ir Fittinne
d ittings
Copstruction

Labour

TATAL
TUIAL

B, OPERATING COST (MONTHLY)

+

Maiintonairrp O
farntenanie L2

CR SRR

o

£

[~}
[

TOTAL ANNUAL COST

11875
Llidad

19108

115e8e

12481
18378

212348

Fixed tost
15 per cent of Fixed Cost
Operating cost

Buantity of wat
per year {in kl

ead
or ussg
.

}
i

Cost per k1, of water used a.

[ 1

120000
16008
38036

159208



TABLE 9.3
COST FLOWS OF PRODUCTION OF WATER (J.K, COTTON - TUBEWELL)

{In rupees!

Recource Sacial Cosmercial cost
cast cost
A, FIXED COST
1. HMachinery and equipsent Fixed cost 240000
a. Fipe 3373 77588 15 per cent of fixed cost KLY
b. Pusp 8811 225425 Operating cost 158224
c. Fittings 17814 39137 TOTAL 186024
2. Censtructisn Quantity of water used 483428
per year {in kl.!
2, Cesent {2247 13814
o, Hritke 5252 12987 Cost per kl. o water uses 3.38
£, Steel 11215 23798
I, Labewr 48080 285648
TOTAL 223498 424231
B. OPERATING COST (NONTHLY)
!, Maintenance cost
a. it 1ae {58
5, Repair 281 261
3. Faei iagd 1373
3. Labowr 2198 03
T0TAL 12481 15864
TOTAL ANNUAL COST 149772 188768
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TABLE 9.4
COST FLOWS OF PRODUCTION OF WATER (LAKSHMI RATAN MILLS - TUBEWELL)

{In rupees)

Resource Socia! Comsercial cost
cost cost
f. FIXED CoST
i, Machinery ang equipsent Fized cost 240008
a. Pipe 33734 77588 {3 per cent of fixed cost REN
b. Pump 98011 125425 iperating cost 135744
¢. Fittings 17016 39137 TaTaL 171744
2. Construction
a. Cement 18267 23614 Juantity cf water used 477348
per year {in kl.}
b, Bricks 5253 12282
€. Steel 11215 25795 Cost per k1, of water used 2.48
3. Labour 48900 28648
TOTAL 223436 424261

B. OPERATING COST (MONTHLY)

{. Maintenance cost

a, 0il 108 150
b. Repair 281 28!
2. Fuel ge1e 12896
3. Labour patl 983
TOTAL 11291 13438

TOTAL ANNUAL COST 135492 61162




TABLE 9.5
COST FLOWS OF PRODUCTION OF WATER (NEW VICTORIA MILLS - TUBEWELL)

A. FIXED COST

T

2N

Ty
[

rua

[T
4
Uy
4

iy
()

PERATING COST (MONTHLY)

B.




TABLE 9.6

COST FLOWS OF PRODUCTION UF.HATER
(ELGIN MILLS - TUBEWELL)

tinm Rupees)

seciel Commercial oot
cnst
I O 100
" Fired Lozt Fired Cost 4agpge

! Cament §7231
{h) Bricke 2418, &,30
il Stee} 51549

fi11d Labour 94389 41748
TaTa 444992
{a} g1l 299
{b) Repair REK

(11t Fuel L8871

(iiil Labour 4200
TaTAL 48714 H273%




TABLE 9.7

ESTINATES OF COST OF PRODUCTION PER KL. OF WATER
(MUIR RILLS)

(In Rupees)

Tiee * .n vears =) 15 20 25 ie
Seryal kesource Social fescurce Social Resaurce Socta: kesource 50C:8: Comeer -
rate cost cost Loet cost cost coet cost (et cxal
of rost
j1scount
8.0t 2.145 g.16¢ e.11¢ 2145 8.181 212! 2.988 g1
8.12 0133 2.16§ P.1RE 2124 2.0% B 8.077 2.eq4 2.6
8.1z 8.124 0.160 £.998 2.125% 9.08] g.1e 2.069 8.98;
TABLE 9.8
ESTIMATES OF COST OF PRODUCTION PER KL. OF WATER
(J.K. COTTON MILLS)
vin Fupeest
Tiveil) s vears -) 1% 20 25 ]
Soctal Resource Soc1al kesource Social Resource Social Resource Seiye: Coseer-
rate cost cost cost cost cost coet cost ceet ST
of cost
discount
8.e8 8.285 8.249 e.172 8.224 e.147 2,191 8.1 g.167
244 8,157 B, 280 f.179 2.1¢9 e g.14¢ gt
2x R.13¢ g..0" a1 g.14s 2.85¢ e.:”

LB}



TABLE 9.9

ESTIMATES OF COST OF PRODUCTION PER KL. OF WATER
(LAKSHMI RATAN CLOTTON MILLS)
(In Bovapoezene
Time(T) 1n Yearc => 15 20 PO NG
Goeyal Hesource oyl Resource Soci1al Recource Gt al fre-v o e oe Gocal Commer-
rate cost Ce cost cost C Ot oot IEUTERY Coet caral
of cost
diccount
Q.0u 0.218 [F S S ©0.187% " 0.0 (SO N.17%e
.12 Q.o @w.otey .16 [SOMSS B8t Q.10 .10 V. 11/ ©n.15. a.4Q
.12 0.180 v, 219 @.144 A.190 ©w.120 @.158 (R N7 .
TABLE 9.10
ESTIMATES OF COST OF PRODUCTION PER KL . OF WATER
(NEW VICTORIA MILLS)
(o Kupeec)
Time(T) 1n Years =-> 15 o ) e
Social Resource Soci1al Respurce Socaial Resource Social Kesource Social Commer -
rate cost coct co=t coot cost coet ot cost ciral
ot cost
diracount
0. e A, 172 Boo1 ©w.141 D. 160 .11y (ST V] L, 19 w1
.10 @.15¢ L 0. 176 @.1%7 w107 @.n @ .o nor1w @. 4 o
N
.10 @.144 Q.19 117 .14 w. 77 w.o1. OLOaT @.100




TABLE 9.11

ESTIMATES OF COST OF PRODUCTION PER KL. OF WATER
(ELGIN MILLS)

(In Rupees)

Time(T) in Years -)> 15 -0 o, )

Social FResource Social Resource Hooial fiesour ce 1Al Resource Socral U Cannet
rate cowt cost coe ¢t Cost ot et cost cuut t1al
of cool
discount

Q.08 @0.44 Q.59 a.n7 AT [ (S a.28 V.o
2.10 Q.79 Q.53 Q. n.44 ®n.28 0.>7 Q.24 Q.2 [ I

V.12 Q.76 @.48 Q.Y Q.9 ©w.24 v, T .20 Q.08

Lt



TABLE 9.12

COST FLOWS OF POLLUTION ABATEMENT
(MUIR MILLS)

CIn Rupees)

Hesour e Socaal Commercial cost
cost cost
A. Fixed Cost Fived Cost 45000
1. Land ‘ 125000 142500 15% of fived cost 9517500
2. Other Fixed Cost Operating Cost 455460
(a) Machiner{ & 10A7575 DERIT74205
Equipments - ) _
(b) Fiping E77841 B4 Total Q76D
(c) Civil work
o B Frer unit cost of 10.81
(1) Bricks= 2R2E9AS -14902 water released
(1ii) Cement 47660 104
(1ii) Steel 4787 1A9954E Fer Unit cost of 4.74
water used
(d) Electrical RE2T7ED HRSTES
equipments
(e) Installation 16625 71468
TOTAL 049074 HHE LA 4
(B) eratln? cost )
Dntlly
ca) Labour
(1) Skilled 2000 v
(11) Unskilled Q00 [ 2R

(b)) Maintenance

(1) 011
(i1) Repair

(c) Chemicals 9821
(d) Fuels 20000
TOTAL THBIG 47R27
Annual Operating Cost 44274Q D720

361




TARLE 9.13

COST FLOWS OF POLLUTION ARATEMENT
(J.K. COTTON MILLS)
(In Rupees)

Resource Social Commericial cost
cost cost
. Fisved Cost Fived Cocst . 755000
1. Land 125000 142500 15% of fived cost 1132250
2. Other Fixed Cost . Operating Cost 174348
(a) Me’:xchir\&t"{ R 190909 439091
FEquipments ] o
(h) Fiping 71591 164659 Total «coust 287598
() Civil work ,
Fer Fl. cost of 1.82
(A BEricks 424725 Q7578 water releassead
(i) Cement grore 190727 ‘ .
(111) Steel FNHA2 2087739 Fer El. cozt of @.4%
water waed
(d) Electrical 44100 10147320
equipments
(=) Installation I1500 72450
TOTAL L7906 1416784

(R) Dperatlm? cost
(Montlly

Cal) Labhour
(1) Skilled’ 1800 1800
(i) Unskilled 2700 1161

Y Maantenance

(a1 1.1 1873 27
(1) Repailr 518 G150
(c) Chemicals 070 454%
(d) Fuels H4HF4 7818
TOTAL 135922 16114

Annual Operating Cost 167064 193368

66t




TABLE 9.14

COST FLOWS OF POLLUTION ABATEMENT

(NEW VICTORIA MILLS)

(In Rupees)
Resource Sogial Commercial cost
cost cost
A Fived Cost Fived Cost 2092000
i. Land 125000 142500 1%% of fived cost 313800
2. Other Fixed (Cost . Operating Cost 98352
(a) Machinery & S96061 1370940 '
Equipments o
(k) Fiping 2RTEAE 51410% Total cost 412152
(c) Civil work
} Fer Fl1. cost of 2.86
(i) Bricks 132458 Q4653 water released
(ii) Cement 258922 595521
(iii) Steel 282818 650481 Fer Fl. cost of 2.28
water used
(d) Electrical 127690 2146687
equipments
() Installation F8I5A 226205
TOTAL 1854822 4121090
(B Operatin cost
{(Montlly)
(a) Labour
(i) Skilled 1417 1417
(1d) Ungkilled 150 452
(h) Maintenance
(i) Qil 427 64Q
(1i) Repair 1205 1208
() Chemicals 1478 2217
(1) Fuel 22955 ZQ96
TOTAL 7832 023
Arnnual Operating Cost 1984 1083756

o9l



TABLE 9.15

COST FLOWS OF FOLLUTION ABATEMENT
(ELGIN MILLS) ' | !
(In Rupees)

e Ll
cpset

Rewsour
o

Commercial

e

Fixed Cost
1. Land
2. Other Fixed Cost
(a) Machinery &
Equipments

(b)) Fiping
(c) Civil work

(d) Electrical
equipments

{e) Installation
TOTAL

Operating cost
(Montlly

(a) Labour

(i) Skilled
(1i) Unskilled

(b)) Maintenance

(1) 0il
(ii) Repair

Chemicals
Fuel

TOTAL

an
N S

Annual Operating Cost

155008

142500

12266682

4&D000

STRIN6

S7 5

1078

2002
Q98

B62

1@32450

Fived Cost

1%% of fixed cost

Operating Cost

Total cast

Far 1. cost of
water released

Fer Fl. cost of
water used

iREishtninln

PRETEHO
4200

76950

.62

@355

gl



TABLE 9.16

ESTIMATES OF COST OF POLLUTION AEBATFMENT
(PER KL . OF WATER RELEASED (MUIR MILLS)

C.n Rupees)

Time(T) an Years =—> 15 20 s 0

Social  Resource Tocial  Tenource 7 TTRGE1Aal  Resource | T o v n]l D Y alirl e Tocial Commer
rate cost coct ot cost coct cee cost cowt cial
w4 coust
disc ounnt
.00 5 [ RIS d.1@ 76 .44 oo .98 .87
@.10 4.7% .00 .70 6O RIS ] oL Y 4,47 10.81
A A 4,49 7.74 D ¢ OR PN 1 A L.14a 4,17
WATER USED
Q.0 L7 1.80 2076 1.91 PR 1.3 Z.11
.10 R 1,66 2.78 1..8 1.17 1.949 q,.74 ‘:"
@10 I 1.94 2.60 1.27 A T 1.07 1.79 D

ry




TABLE 9.18

ESTIMATES OF COST OF POLLUTION ABATEMENT
PER KL. OF WATER RELEASED (NEW VICTORIA MILLS)

(In Rupees)

TIRS T TR Vears =y T T TYE e e e . R ~
Social fresource Social Resource Social Resource Social Frerc, oy e Social Commer-
rate st cost cost cost cost cost const cost cial
of : cost
discount
Q.0e 1.3 2.33% Q.26 1.79 Q.79 1.46 L 68 1.23
2.10 1.19 2.28 B.92 1.79 B.75 1.91 [% A 2.18 2.86
Q.12 1.19 2.24 Q.89 1.70 .72 1.37 HA 1.15
WATER USED
0.08 Q.99 1.87 Q.77 1.47 B.63 1.17 0.54° 0.98
Q.10 Q.75 1.87 @.74 1.40 Q.60 1.17 B.0o1 Q.95 3.27
2.12 Q.2 1.79 "} 1.36 0.57 1.10

a.48 B.92

9t



TABLE 9.17

ESTIMATES OF COST OF POLLUTIOB ABATEMENT
PER KL. OF WATER RELEASED (J.K. COTTON MILLS)

(In Rupees)

Time(T) In Years -» 41 20 25 g}
Social Resource Social Resource Social Resourde Bocial  FResource Social Commer -
rate cost cost cost cost cost cost cost cost cial
of cost

discount

Q.08 2.8% 1.30 B.73> 7 54 Q.76
Q.10 3.032 1.22 .67 . a.5%6 .80 @.48 B.68 1.82
@.12 .77 @a.15 Q.61 . . 0.5 .74 @.4= .62

WATER USED
Q.08 3.242 2.20 a.28 A.t7 Q.2% Qa.15 Q.20
2.10 @.223 - @.18 .25 Aa.15 2.21 4 R 2.18 2.40
Q.12 .21 B.16 23 a.lzi6 2.19 a.115 @2.16




Ty e I TV T Veare =%

social
rate

of
discaount

2.08
2.10
.12
0.08
n.10
012

\;

A.267
0.261
D.206

TABLE 9.19

ESTIMATES OF COST OF POLLUION ABATEMENTt

FER KL. OF WATER RELEASED

(ELGIN MILLS)

(In Rupees) -

"""""" B - A0 B - i T o)
Ferource o a Fresi Oy g S ral Flesource Booial Commer
coat cost cooat Cost ~asth st cial
cost

a. 203 B.t71 .7y D.146 A.265
0.199 Q.16 D. 705 Q.157 n.254 B.62

0.191 D.19% 0.294 0.170 D.246,

WATER USED

2.111 ?.206 2.v91 N.167 @.078 @.141
0.135 @.200 0.a87 D.162 0.07: Q.136 Q.3%

Q.102 D.199 V.08% Q.1a7 3.249 b.131

ML



Cotton bales
Opening & cleaning
Picking
Carding
Combing
Drawing
Ring'spinning
Doublihg
Yarn bundling
v
Reeding
Binding
Warping
Sizing
Drawing
Slashing
veadins
Calendering
Finifhing

v
Grey cloth

Tc processing

A. Spinning & Weaving

B.

From Weaving Section

Grey Cloth

!

Desizing
Scouring
Bleaching

Mercerising

l

Dyeing
Printing
Quring

|
v
Finishing

Textile Processing

Figure4fl - process Flow Diagram of Cotton Textile
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CHAPTER X

CASTIC S0DA

10.1 Introduction

Caustic soda (sodium hydroxide) i1s manufactured along
with chlorine in an industry generally known as chlor-alkali
industry. In 1977, India produced 4.89 lakh tonnes of caustic
soda. At that year there were altogether 37 chlor-alkali units

consisting of 23 mercury cell chlor—alkali units and 135 diaphragm

chlor—alkali units. Although India produces only 2 per cent of
worlel total cotput still b as an amportant industes. Farey other

cdustries are dependent on it

In the next section different manufacturing processes

are discussed in brief.

10.2 Manufactuwring Process

Wherm  an sisctric owrrent is WE)

1an an slactrolyte solutice (¢

sobroidess,  Lmiresr

aonlution and

the electrolyte gets deconpossd. Thee electros
containing  vessel  together 1s known as electrolyiic cell and the
process is called slectrolysis. Brine, the solution of  sodium
chloride in water, 15 described as electrolyie solution. Thes
products of electrolvels are chlorine, sodium hydroxdide  (caustic

soda) and hydrogen.

Mercury  Cell Process: The mercury cell has positively

charged electrodes (anodes) made from graphite or coated titanium,

=]l of the cell. Mercury metal, the

are fixed to the ve
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negatively charged electrode (cathode), is placed at the bottom of
the cell. The vessel is installed at a slight inclination. It is

long ancd has a rectangular cross section. It is made of steel and

for ohlorine

anct fo

slectricity inm
brine and mercwry recirculation. Each cell has a secondary cell
where mercury flows from the primary cell. In mercury cell when
electric cwrrent is passed wider 2 to 4.5 volt reaction takes
place and chlorine gas moves up and is taken out through pipes.
The highly reactive sodium  liberated at the cathode (mercury)
immediately forms  sodiuwm-mercury  amalgam. It flows to the

zgcondary cell {(denuder) . It is a emall circular chamber packed

with  locss inert material,  theoogh which  deminsral i

This  water e sCClLCTErOLYYY ancd Forres

{Canstic Litwerating mercury. Faroury 1s
recirculated tothe primary cell to act as cathode again and again.

is also simaltaneously formed. Heat gets generated

UM At o

orb o ERETTLETY .

to ssthle as

Brire sluadge

MECLI™

zludge  per gram  also shows the presence of 24 mg. o

Mee chlorine gas which o cooled by indirect contact  of

o

and then dried by direct contact with concentrated sulpboerio

it is made free from acid mist,

At Aan towers, MeEE

se] and liguefied by refrigeration. It is substantially

ZCANERS

Frese IO MEFCLEY . Sulphuric acid whose strength falls from 78

pee cent to &0 per cent during the chlorine drying operaticn 1S



17@

discarded. It also contains SOMe mercury. Hydrogen gas which
comes out of the secondary cell has  high temperature. It is
indirectly cooled with water at ambient temperature, then with

mETCLEY  vapour  coalsesces

inhyi ] 1escd toy, e the gas

and forms droplets. These are taped and recovered (See Diagram

1@2.10.

Diaphragm Cell Frocess: In this process mért:ury is not

u=ed. The diaphragm is made of asbestos sheet treated with sodium

asilicate  solution. The purpose of the diaphragm is to prevent

miving of chlorine freed at carbon anode and sodium  hydrosids at

B VT SRR SURUU QU

mat i, S

Tiouor oo Lo desva

my oW Eh oresr T LOW arrainaenrent,

zeparate ascension pipes for sucking out ohlorine  and  byde

The cell pot is made of mild stes]l or syntbetic material sturoy

enough to withstand the operating conditions. Inside the pot

oY

bunch of carbon anodes fixed on a concrete slab is hung. The pot

is secuwrely sealed to avold leakages

chlorine oF  ingress of
alr. The  cathode is & merdforated stesl plate arowwd which is
+ 1 e

P |
[ e A

Pl i, it L with undesompose
chlorite and  hypochlorite, The liguor is evaporated in triple

et fect evaporators to a strength of 50 per cent  sodium  hydroside
containing one per  cent salt, Chlorine is dried in the same

Salt recoversd in the

mancer as in omercury cell process

evaporators 1s reused for beins making.

Low  electricity  consomg and  the absence of the
hazard of mercury are two advantages of  diaphragm  cell. The

tlisadvantages are thes salt impuarity  in caustic  soda  and
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deterioration of cell etficiency necsssitating

mambrane iz made of synthetic material from perfluro sulpbonic or

a. It deflects meqatl

charged chloride  ion.,

ions carrying positive charge are allowsd to pass throwgh
it. it can produce 28 per cent strong caustic soda as compared to

12 per cent in ashestos diaphragm c=l1.

13.7%5 Waste Water Generation and Characteristics

e dnchustrial wmdt, Im 1977,

LT e

Froan a chilor--allali

“Fe

e frown the tabls that

i fication  mul s

[

ey considered is to
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sate dumping place where the mud is disposed of.

Saspended  and  dissolved substances in the waste water

amct oo ek

ir oroanide o ohem At

o
H

i

inlonical oxygen demand. It is the presence of mercury which is
OFf primary Concerm. The quality of waste water is subject to
temporal variation. In many unlts caustic soda plant is part of a
large industry such as rayon, pulp or textile. In such situations
the waste water from the caustic soda unit invariably agets mixed

with waste waters from other manufacturing sections, thos

caroevacling dilution. A A

comcentration of

thes m

Therafore, dilution is no seolution  to meEroary

of combined waste s

T

el lut e, Thee  char

frioun =

marouwry cell plant is presesnted in Table 1@.2.

Fore  thary on

of chlorine, whiich FEANALNG

1 into the atmosphere or

b Liguor

Shorage of

Spillags b the liguor will imtrocduces

and dissnlved

chlorine  in

ating from the

The  obther  pollotants that

v enter the oo

watar from the mercury cell onits are sodium chloride

of hanoling  loss 10 bhe factory and from brine filter washing,

condersed acidic chlorine water containing dissolved mercury  and

ilute  aulphuric acid from ohlorime deying unit. Cooling water
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may carry oil and greasse. Overflow from rine parification tank

and spillage in  the area may also find  theilr way into the

effluent. Magnesivm chloride from  salt washing operation may

s
Pt ol
T e

A v have seen inthe foreoons mailon that  apart
from maroury there is no significant pollotant, Correction of o
may e necessary. Mary caustic soda units form part of a  large

compler  manufacturing other chanicals =) products. In those

for the conbinsd offlusnt will  hawve o b

=oda L

MINAS for Caustic Soda (Mercury Cell) Industry

Ry e e L 16

i Lo 1

i oall o @A

et ewcescd i

& fhee conoent

ay  Cell  Fowse; D)

Frown ancd only Frown

)y Chlorimes baradDing o) ychroohls

aril @) Fh
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The combined effluent from the above cited five sections

zhall not exced 10 kilolitres/tormne of caustic soda produced.

. A

Rased o the limit  propx im MIMAS

mercury bearing waste water {flow at 1@ kilolitres/tonne of caustic
asda, permissible mercwry  discharge from industrial  wnits of

wvarious capacities in the large group are presented below:

Plant Capacity

*armissible limit on total

cury discharos, oms.,d

Tonnes/day frnual
oot

153 49.5 14

2 by 1) s

{

=5 H2.50 25

18.4 Waste Water Treaatment Scheme

P mAramil

Inplamt  comtrod
wanste water:

sy cell omay contawn 19 te 54

(1) The brime an
m3./1 of mercury. Treretore,  preventive maintenance of fittings

vdnerable to leakage and  prevention of  overflow from  brine

orage  and  purification  tank 15 necescary to avold lsakage of

brine resulting in mercury resching the waste water stream.
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{ii1) Steady supply of electricity should be maintained

high mercuwry iomn U the spent brine.

{(ii1i) Fecirculation of cell and =nd box wash water

should b= done.

{1iv) Frevention of leakage of mercuwry bearing

condensate from the cooled hydrogen line.

(v I (L e Ry
o ° TN i .
W) 15 washe s 07 from the cell rorwn

abion by the addition of s=odium hypochlori .

the waste watsr

oy L

o rErourTy

e concentration

MY AN
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d) magnetic ferrites
e) ion exchange
£)  ion exchange followed by chelating resin

a) The FReduction Frocess consists of reduction of all
mercury compounds to the metallic state which may be followed by
filtration and is suitable for small volumes of concentrated

effluent. It can be accomplished in two different ways:

1) By treating the effluent with a less noble metal

such as copper, iron, zinc and aluminiwn. Mercury is recovered as

o droplets coalescing on the surface of the metal. Tt

tar be recovered in a purs stats by electrolyiic e

L.

ii) By treating the sffluent with redicing chemicals
like hydrozine, hydroxylamine, hypophasphorous acid, formaldehydes
and sodium borohydride. Mercury 1is recovered by coalescence

and/or filtration.

el Culphide  treatment consists  of  trestment  of meroury
e water with edt] AR (Pl o
zcelivm sulphide (MaeD) and s flocoulant, In the reaction that

follows metallic mercury remains unaffected  but  mercurous  and
maErocuric  compounds react to form sulphides. They are inscoluble
and cettle down like merowy metal, and can be recoversd by
filtration or settling or both, The waste water thus treated can
ber further treated with hyidrazine (MzH,) to convert the rEmAalning
tissolved mercury into finely dispersed metallic form. Further

treatment through carbon precoated filter will produce on effluent

with mercuwry content in the range of 0.02 to 2.07 mg./1.
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) In the ferrcus chloride treatment mercury salt in waste
water 15 reduced to  insoluble compounds. Insoluble  ferric

hydroxide and mercuric oxide are formed with  joint precipitates.

T reaction takes > after o is adjusted ebessn 9 and 9.5

ey

and a S0 mg./]1 excess alkali is added. Ferrous chloride should be
added afterthis alkaline condition is attained by waste water.
The precipitate can be settled which takes several days as it can

be filtered. The effluent i:cantainsl .05 to Q.06 mg./1 of

merCury .
o In the Magnetic Ferris FProcess for every mole of mercury

boan waker, 2 oo rerrras sulphate 1€ added and thes

wateris newtralized wath alkali when dark gresn comples of
hydroside is formed. eidation of the complex with air  follows
charing which a black Fferrite iz formed. A magnetic separator
removes the insoluble ferromagnetic ferrite from the solution. In
thiz treatment mercury content gets reduced from 6 mg./1 to D.0O25

m. 1 in the treated effluent.

I trestment  meetbad
mearoury contamination of br-ime il sl slurea =T
I el from Moy S Em 9LEAN mg. Sl Tt is a bw step

Step 1: Waste water containing 20 mg./1 mercury is
allowed to settle in largs tanks for metallic mercury to sink.
Its o is thereafter adjusted to acidic range to remove free
chlorine contamination. It is filtered to remove insolubles and
then passed through an  loco-exchange resin colum which is
splective Lo mercury. The concentration of meroury gets reduced

o @.1 to @.15 mg./1.  The resin gets poiscned by sodium hydroxide



178

and free chlorine. It im  regenerated by some inorganic salt

solution. During regeneration mercuwry 1S removed from resin bed

and recovered in the metallic form.

Step 2 If required waste water can be further t

inanother tower containing a patented chelating resin.

treatment  mercwry content  dn the effluent gets reduced to 8.0
meya/1.

10.5 Cost of Waste Water Treatment

After describing different waste water treatmsni methods

we now go ot to discuss the cost of waste water treatment for

meErcuwry removal for a chlor-alkali plant having an anraal aclty

of 29,00 tonres of caustic soods, Thee capital cost of this olant

is Re 14.88 lakh at 19897883 pric

This operating (arrmaal ) o

of the sane treatment booms oot o e s 1,86 lakh  at

P 1CES . Table 10,735 and T

thes cost Flow o o

estimates of mercuwry removal ¢

dovely.

From the Table 10.4 we can see  that the resouwrcs  and
social  cost of per kle of water released is Rs @.71 and s 1024

recpectively for social rate of dis

ity Foat @.10 and reunkesre of

years, 1 = 3 years.,
Conclusion

In India, mercuwry ocells constitutes 86.47 per cent of

the total annual installed capacity. Therefore mercury removal
from effluent stream is important for chlor-alkali irchestry as a

whole, Mercwy 1s not produced in India, it is  imported. &y
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LRESZD study has revealsd that o 58 yeses time oercwry will e

sxhausted. Secondly.  mErcury i) 1s a notifiable

out 1t goes  wnoticed. Hecauwse of the insidious natuwrs of the
poisoning, symptoms develop long after the exposuwe has  ceased.
We cannot possibly switch over the entire installed mercury cell
capacity to diaphragm process as is done in Japan. Frevention

being better than cure, all rnew units and expansion of capacity of

existing plant should be oade by the non-mercury cell process.,
The world trend shows that the membranes will become the  standard
~ for chlor-alkali wits. Our country cannot lag behind.

TARLE 10.1

MERCLRY LOSS FROM CHLOR-ALKALT FLANTS (1977)

Sowarces gm.Hg./ fFercentage Torne

tornne N

Water

Hydrogen
Froductes 5.6 Do
Handling loss o 12.7 21.@
Urbnowe 2 18.6 26.1
Brine Mud 204 E4.5 1@37.@
TOTAL 394 123.@ 168 .0

B EB e~

Mote: ¥ Urnkncen  source of | includes loss of merouny as

vapour in the cell room,  solid mercury lost in sludge

deposited in catch pots, channels and elsewhere.



TAH.E 10.2

TYPICAL ANALYSIS OF WASTE WATER AND WATER
CONSUMPTION PATTERN IN A MERCURY CELL FLANT

(Lhitsse

M./ ) et

For orand temnperatures)

160

Farameter

FMarnimam

M Limn

pH
Suspended solids
Tenperatuwre, =C
Can(OHD 22

CalOx

Calciwm

Magnesium

Chloride

Sulphate

Free chlorine
Available chlorine
Mearcury

EOD

0D

Dissolved oxygen

10.4

16X27
1540
ey
7y
11670

Loy, ANy

halo et
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TARE 10.2 (Contd.)

Consumption point Gty. kEilg- Follutants

litre/bw.

Salt washing @, L MNaCL.

Brine filter washing 1. ) MNaCL

Cell washing 1 gy o Nl

Furification sludge 0,835 CansMy «Faa
BauaHy

Bleach ligquor sludge 12,003 Ca Compowicts

Chlorine drying wiit 2 dilute M8

Cooling water i BT Oil ,Acid,
Alkali

Ae 10




TABIE 16.3

0
-

COST FLOWS FOR CAISTIC SODA INDUSTRY PER KL OF WATER RELEASED

i o D i A ok e b s Bt b o o @ b i 0 e o > ot = - . >

Resource

cost

Social
cost

(In rupees)

Comercial cost

B I e
A At e e et o B B e o A Bl B kB > -

A. FIXED 05T
1. Land
2. Other fixed cost
a. Machinery and equipment
b. Piping
¢. Civil works
(1) Bricks
(i1) Cement
(1i1) Steel
d. Electrical equipment
e. Installation
TOTAL
B. OPERATING COST (MONMLY)
1. lLabour
a. Skilled
b. Unskilled
2. Maintenance

a. 0il

b. Remir
3. Chenicals
4. Fllel

TOTAL ANNUAL COST

6177

449037

168388

99745
194979
212974
103726

74091

1309117

1082

721

321

908
5479
5890

172812

1032785

387292

229%14
448452
489840
238570
170409

3003804

1082

310

369

- - Y B A ) B A e . A e D A W A D D ettt bt @ @ e ot > et ot m v > o a — <009 .
... — -

Fixed cost 1438000
15 per cent of 223200

of fixed cost

Operatiug cost 186000
TOTAL 409200

Q
Cost of 1 kL. of %97
water released
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TABLE 18.4

ESTINATES OF COST OF POLLUTION ABATEMENT OF CAUSTIC S6DA
(CAPACITY 29 THOUSAND TPA)
PER KL. OF WATER RELEASED

{in rupees!

Tige (7! in VYearc - 1@ 15 28 25 I3
Sprial Hate Recource Social Resource Sorizi Respource Social  Bescurce Sooiaifiecource Social Commerzi::
gt Discount cost cost cost coet cost cost cost cost cost cost cost

WATER RELEASED

e.eg 1.79 3.29 1.35 2.42 1.89 1.9¢ 2.9! 1.57 e.79 138

2,18 $.72 3.2 t 27 .29 1.81 1.7% 8,64 147 2.7 24
2.l &4 3 P 2.2 2.94 A 2.77 e B.52 b
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CHAFTER XI

OIL REFINERIES AND FPETRO CHEMICALS

XIA. 0il Refineries

11.1 Introduction

In all there are 11 refineries operating in India and 3
are  in  advanced stage of comnissioning. These refinsries are
aspread out all over the ooty Theay differ in  capacities,
vintages, type and gquantum of orude processed and final procduct

manufactured,  manufacturing pro water consumed,  tvpe and

quantum of waste water generated, system of waste water treatment
and disposal of waste waters. In this chapter we use the data
pertaining to a) Madras Refineries Limited, Tamil Nadu, b Indian
0il Corporation, Haldia, West  Bengal and ©) Indian  0il

Corporation, Baroda, Gujarat.,

Crude o1l is processecd o produce a variety of petrolewn
products. Thee next section describes the production processes in

the refineries.,

11.2 Marnufacturing Process

The general petrolewn refining processes can be broadly

classified as -



(1)

(ii)

(i1i)

(iv)

{v)

(vi)

malecular weight fractions,  but without the o
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Storage and Transportatiomg

Crude 0il Fractionation - Thie 1z the basic refining
process for the separation of crude petroleun into
intermediate fractions of specified boiling point

FagiQess g

Retorming - This conver

gasoline, and napthens -

gasoline blending stook, aromatics for  petroch

use and isobutane;

Thermal and Catalytic Cracking - Under thermal
cracking process, which also includes misbreaking,

Peavy oll Afractions  are  broken down into the ower

catalyst,

Catalytic cracking breaks heavy fractions, princiosdly
gas 0ils, 1nto lower molecular welght fractions im the
presence  of catalyst, This 1s plrobably the bkey

process in the production of large volumes of  high

octane gasoline stocks, fuwmnace olls and other aseful

middle molscular weight distillates are also prochoced.

Hydrodesul phurization — This process  1s
for  desulphuorization of petrolean products contalnong

ot

high concentration  of  sulpbae in the pre

CRYCEN §

for Lube 011 Manufactors,

Solvent Treating Froce

etc. ~ This process belps to improve the quality of
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lubricating odl aehocks by way  of e

Kiving

wndesirable constituents like, aronatics, asphalienes,

resins,  waxes, eto.,  from lhubericating ol cuts  and
alsn for the preparation of catalytic cracking feed
stock from asphaltic residuals with asphalt as by

products and

(vii) Hydrofinishing - Thi= process 1s used to  remove

aulphur  and  nitrog compounds,  odowre s gum -

i

forming  materials w2l oas to saturate olefins by

catalytic actions in the  presence of  bydeogen  from

elther straight — e or cracked petrolewn fractions.

0i1 refineries are classified on the basis of the
principle process of &) misbresking (Thermal cracking), b)
catalytic cracking, ) hydrocracking (Desulphurization), and o)

coking unit.
11.3 Pollution Control Methods

The refineri

are ¢lassitied under tweo ca

SO LESE @)

Those  having  once--through ¢ stem  and D)

conling water recirculation eys

Treatment of waste water fron refineries involves  three

principal stages — a) Primery, D) i

ancdary and o) Bioloogical.

&) Frimary il Beparaticn - The primary odl Cunits

are essentially gravity  oll separators. Thezese

separators are norms operated  without wsing  any

chemicales or coagulents oF alds.

Oil and  grease
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separated from these unite as slop oll are recovered and

reused in the refinery.

The gravity separators  are essentially

chambers equipped with o0il skinning and sludge scraping devices
and design of the separation is bassd on removal of oil  globules

of 0.015 cm. in diameter and above,

b) Secondary 0il Separ-ation (including sulphide
precipitation) — This is necessitated when the amount of
emilsified o0il present in waste water is significantly

high which cannot be remowves! in gravity oll separator.

A emaleion is a mixture of two imniscible liguids, one
of the liguids being dispersed throughbout the other in the shape
of very fine droplats. Both the oll-in-water and water-—in-oil
emulsions are present in refinery waste woter. The desmalsifying
agents which are normally adsorbed on the surface of  the
emulsified particles rendering the emulsion stable are soaps,
sulphates, sulphonic and napthenic acids, guartenery ammonium

compounds, organic ethers and esters.

Dissolved air floatation, both with and without
flocculation, has been successfully wsed  to o obtain a  low oil
content  in a refinery waste water. Under favourable conditions,
it is possible to obtain and oil content of as low as 1@ mg/l.
from a floatation cell using a cosgulant  and coagulant aid.
However, dissolved—air floatation wiits reguire more skilled and

regular supervision and power than gravity oil separators.

Sulphide precipitation - Iron salts are particularly
cuited to & waste water containing solphides and mercaptans as the
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latter are precipitated as iromn sulphides. In raineries

whiieh glishcarge  significant  sncost of Ll

CrtE LG very high L] ke concentratian, clesnical

Foced o e

precipitation  of sulphides  ty dron salts has t

effective and more economical than by steam or air stripping. Bty
using chlorine with ferrous sulphate, chloripated cooperas is
formed, which becomes more effective in precipitation of sulphide.
) Biological Treatment - This is primarily meant  for

removal of pollutants like phenol,. residual sulphide and

EOD and also the non

AR

able oil  present  in the

seEcondary affluent. Hiclogical  treatment  can e

effected by variows syetems like tricklimg  filter,

activated sluwdge process, osidation ponds, asrated
lagoons, eto. Depending on the nature of waste water,

a single or a combination of the units is used.

Follution Standards -~ Since quentification of pollutants

in waste water can be made only by considering the  was

water

volume and the concentration of the pollutants presect s at, any

standard for waste water discharoe should necessarily inelode both

the quality or concentration stendard ang emission s

arclaech (dn
wsenescd ) o
Consideration of these two standards in isolation would not lead

2 of the

quantuwn  of pollutant per undit guantum of raw material peoc

to any meaningful programme of protection and maintenan:

‘ guality of the receiving water environment.

Tree pollution standards are given in Table 11.1.
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TARLE 11.1

FROPOSED MAXIMM ALLOWABLE LIMITS OF IMPORTANT POLLUTANTS IN
TREATED WASTE WATERS FROM REFINERIES
BASIS: Waste Water Generation — 700 k1./1000 tonnes of
Crude Processed

Follutants Conmcentration mg. /). Chantum, ko. 7/ 13T

crude  processed

0il and Grease 10.0 7.0
Fhenol 1.@ @.7
Sulphide 2.5 @25
EQD 15.0 1.0
Suspended solids 20.9 14.0

e 6.0 - 8.5

Source: Conprebensive Industry Document il Refineries, Central
Board for the Frevention and Control of Water Follution,
New Delhi.

The Haldia Refinery processes about 6,850 tonnes  of
crude per day. It uses about 1,500 k1. of water per day and

discharges 5,000 k1. of effluents per day. It has a cooling wals

recirculaticon system. Tt bhas e waste water tresatmes o

facilities, one for complete testment of the procese olly wesoo

waters containing organic pollutants and the other  for  treatent

of the inorganic waste water from eocsr demineralization plot,

See Figuwe 11.1.

The waste water treatment plent bas all the three stages

of treatment, i.e., primary, secondary and biological (trickling

filter). The emergency pond for storing raw waste waters i alan



used from time to time as primary oil separator.

191

The final guard

separator. The

pollution standards achieved are given in Table 11.2.

TARE 11.2

CHARACTERISTICS OF WASTE WATERS OF HALDIA REFINERY AT

VARIOUS STAGE OF TREATMENT

Characteristics

Pl

5]

[m
0il and Grease
Fhenol

Siphide

BOD (20" C, & day)

mya./1
3. /1
mey. /1

e/ 1

7.2

&
15
(2%

1@

7.2

120
15

78
9

7.0 7.3

Notes:

processes about 8,200 tonnes of cruds per day.
of water per day and discharges 2,946 k1.
The refinery has a cooling water reciroulation system.
water treatment plant has only tws sts
and biological.

wrsial ly high concentration of sulphide is segregated from

vastes

sulphide before

Az
B

D:

and

treatment

The Gujarat Refinery Expansion Froject

n a

Inlet to AFI separator

Outlet from AFI separator (Inlet to Chemical Trestment Unit)
Effluent from Chemical Treatment Unit (Inlet to Trickling
filter)

Final Effluent.

(GREF) ., Baroda,

It uses 8,000 k1.
of waste water per day.

Tre: waste

< of treatment - ordnary

However, the spent caustic waste which contains

oty

given separate chemical treatment for removal of the

mixing with other waste waters and  further

common biological treatment unit. A schematic
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diagram of the waste walter treatment facillity is shown  in Figurs
11.2. Becides the A0 oll sepearators,  the egualization pored s
also used as primary oll separator. Ther o] removed from the e
wiits ds reused in the  refinery. Ao final guard pond adf e
binlogical treatment also belps in arresting oils. The oil, if
any, recovered from the guard pond is reused in the refinery. The
biological treatment wiit is a two-stage one, the first stage

featuring a trickling filter and the second stage an  activated

sludge process. The  pollution standards achieved are given in

Table 11.3.

In the Madras refinery,  theee types of waste water s

generated, They are

(1) Oily effluent from process sreds
(ii) Chemical effluent from water treatment plant; and

(iii) Sanitary sewage.

TARLE 11.3

CHARACTERISTICS OF WASTE WATERS OF GREF, BARODA AT
VARIOUS STAGES OF TREATMENT

Characteristics A <] C D

P4 7.4 7.2 705
0i1l and Grease mg./1 43¢, 7 29.5
Fhenol mey. /1 21 9 1
Sl phide ey /1 47 .7 42,0 19 0,
EOD(20® C, 5 days) mg./l e - 78 1

N

Motes: A Inlet to ARD separator.
B Outlet from AFT separator.
C: Outlet of Equalizaticn Fond.
v Final Effliuent.



In the Madras refinery, three types of waste water are

generated. They are

i) Oily effluent from process areas
(ii) Chemical effluent from  water treatment planty and
{(iii? Sanltary sewage.

As shown in Figure 110750 ily eftfluent is o I from

the process  area to the sewer Dhasio. In this basin oul 1s also
separated from the effluent and puompsd to the slop oil tank.
Separated effluent is punped to the inlet of the AL o0il
separator. Sulphuric acid is added to the inlet of the AFD oil
separator to maintain  the v arcund 6-6.5. From this AT oil
separator water overflows to the retention pond. 01l sepsrated in
Cthis separator is collected in the oll sump which is puompsd to the
slop oil tanks, The pollution stendards achieved are  shown dn

Table 11.4.

In the retention tanks settleable solids aleo get

settled and clear effluent enters into the odxidation pond  for
final polishing. At the ocutlet of retention pond and oxidation
pond skimmers are provided to collect the free oil present in  the
waste water, and collected oil is punped back to the «lop oil
tanks for reprocessing in the plants. The overflow from  the

oridation pond joins the ceanal for discharge into the sea.
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TAKE 11.4

CHARACTERISTICS OF WASTE WATERS OF MADRAS REFIMERY LIMITED,
MADRAS AT VARIOUS STAGES OF TREATMENT

SANCCes

Characteristics

I I I11 v Y

(=W 8.3 8.3 &7 &8 H.8
8Bil & Grease mg. L S S Gals bHad e

Sulphide g /1 21 1.7

Etenol mge /1 el

cap e/l 2797
EOD mey. /1 D e 152 g2 G
Chromiwn:

i. Total mo. /1 1.5 1.5 Traces Traces Traces
ii. Hexavalent mg./1 1.8 D3 Traces Trace:s Traces

Zinc M. sl .l 8.9 Traces Traces Traces

Soree Ty Inflow Lo sewsr Dasic.

Sowce  I1:  Inlet to AR separator.

Sorce 117 Oatlet of A se
Source IV Gutlet of retention pond
Source Vi Outlet of oxidation pond.

sl

Clhesmical  effluent  from the

ages From bhes e Ly are

sandharsy @
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lagoon  where Lt ls kept  opss for evaporation and pecoolation

il v

“LrII’U.lf.'.I otk

11.4 Costs of Pollution Abatement

From the information on fixed cost and operation cost

e, variows  cost fle

supplisd by the refinerles  survesy % WEre
caloulated for water used and water treated. Tt was  fourdd  that

for o= @10 and T o=

for the Haldia F vothe

resouwrce cost of water used and walter releassed was Res @007 and e

2 and

11.5.

N9 per kl. respechively, thes o meoial  cost owa

Flows arg gilven in

t.

Re 9.91 per bl respectively.

Cost estimates are given in Table 11.8.

For the Guiarat refinery (GREF),  the resauwrce cost  was

Fe.f.8 and Res.0.48 per k1. of  water used and watsr released

i1 was

thes

respectively, for o o= D010

Fae  @.4%2 and Re Q.85 per k1. r

1o I vears. The social oo

shively. Table 11.&

cost flows and Table 1109 give eetimates.

For the Madras refin

AAPCE Lisme
and  water released was Rs.0.208 and ke @61 per k1.,

for ro= @.10 and T = 30

sobively,

0.0,

Thee social cost was angd s

114 per k1. respectively. Table 11.7 gives the cost flows  and

Table 11.10 gives the cost

T S WY

& waters in il drators

and guard pomed 1s an Fo oy

ot e oLl e e

CIVEITY

ot thes

in the oot

Frydrocertor il e ary of

A

more hydrocarton from waete wate

ool gooa long way i ot only

exzonomising  on the  cost  of e

ter  water treat




congerving one of the most valuable natural  rescurces of  the

country.  Frimary treatment recovers over 80 per cent of the

Secondary treatment

s H) to 80 per cent of the
residual oil in the primary effluent.

Haldia and GREF have compliete waste water treatment
systems. The oil removed in biological treatment is entirely

lost,

Total recovery of oil in the combined waste  water

around 99 per cent  and the remaining 8 per cent oll is lost

hiological treatment.
11.5 Conclusior

From the foregoing m1a1‘y9155 it can be concluded that the
technology presently available for effluent treatment is capable
of removing the various pollutants from  refinery effluent to a
high degree and that the cost of effluent treatment is compatible
with the cost realised from the oil that can be recovered in  the

systen.

Since guantification of pollutants in waste water oould
e made only by considering the weaste water voluwme  and  the

concentration of the pollutents present in ity  any standard for

waste water discharge should necessarily include both the  quelity

or concentration standard  (Ain o mg. /1) and emission standard (in

guantum of pollutant per unit guantum of raw material  pro

twr stenclarcs A dsolatlon wodd not leead

Consicle Cicwtr o b

o any meaningful programme of protection and malntenance  of bl

guality of the recelving waker sovioonmet.
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Fraom  bhe foregoing discussions 10 can be oo ookl that

by installing and properly operating a well designed effluent
treatment plant, 1t would be possible for a refinery not only to
recover valuable hydrocarbons to a significant extent but alszo to
conform to the Minimal National Standards for the recsidual

pollutants.



COST FLOWS OF HALDIA REFINERY
{1987-88 PRICES)
(In rupees)

Resource Social Comsercial cost
cost cost
A, FIXED COST
{. Land A 12355 140835 Fixed cost ga32500
2. QOther fixed cost ' 13 per cent of fixed 1429873
. cos
a. Machinery and equipsent 2884893 6635254
Operating cost 869676
b. Piping 1881833 2488221
TOTAL 2299551
c. Civil works
Quantity of water used IBIZH00
(i) Bricks 641887 1474500 per year (in kl.)
(ii) Cesent 1253166 28822 Buantity of water released 1625008
per year {in kl.)
{iii) Steel 1368821 3148288
fost of | kl. of B.68
d. Electrical equipaent 666418 1332743 water used
g. Installation 476087 1894816 Coet of | k1, of 1,26
water released
TOTAL 8384574 16676135
B, (QPERATING COST (MONTHLY)
t. Labour
a, Skilled 3693 bl64
b. Unskilled ‘ 2466 18466
2. Maintenance
a. 0il 2066 3749
b. Repair 3831 5831
3 Chesicals 29622 45659
i, Fuel 273480 ez
TOTAL 67223 108275

TOTAL ANNUAL COST 806676 1283308




i

FLOWS -FOR- GREP
(1987-88 'llcgll ) .
- (In rupees)
’ Resource Social Comsercial cost
: cost cost
A. FIXED COST
f. Land 12370 14182 Fixed cost 134850080
2. Other fixed cost 15 per cent of fixed cost 2822758
a. Machinery and equipsent 4082615 93908135 Operating cost 1863152
b. Piping 1538981 3521256 TOTAL Jegs9e:
t. Civil works fuantity of water used 2926ee@e
per year {1in kl,!}
1) Bricks 907247 2086663
Guantity of water released 1436108
{11} Ceaent (773443 4078919 per yearin {(ip kl.)
SRR, Steel 1977115 4455345 Coct per 1. of water used L
¢. Electrical equipsent 943064 2169833 Cost per k1. of water 2,15
reieased
e. Installation 673631 1549351
TOTAL 11860486 27264769
B. OPERATING COST (MONTHLY)
1. Labour
a. Skilled 3559 3559
b. Unskilled 2712 949
2. Maintenance
a. 0il 2924 4386
b. Repair 8252 8252
3. Cheaicals 31322 446983
4. Fuel J3666 46223
~ . . 119
TOTAL e 82895 118352
TOTAL ANNUAL COST 985149 1324224




TABLE 11.7

COST FLOWS OF MADRAS REFINERY

(1987-88 PRICES)

{In rupees)

Resource Social Comsercial cost
e cost .ot e
A, FIXED COST
1. Land 12372 14182 Fized cost 11383208
2. Other fixed cost 13 per cent of fixed cost 1787488
a. Machinery and equipment 1445785 7925124 perating cost 972188
b. Piping 1292148 2971922 TOTAL 2679648
c. Civil works duantity of water used 2190008
(i) Bricks 765712 ez o vEr kL
(ii) Cesent 1496777 3442587 %zagtiggrogi:aiﬁf)reieased 18T
(111! Steei 1534913 REEY RS Toct ger b1, of water used (.19
d. Electrical eaquipment 735358 1372791 Cnct ner ki, of witer releszed 2,51
e. Installatioen 968541 1387644
TOTAL (a2 23813525
R. OPERATING COST (NONTHLY)
1. Labour
3, Skilled 3752 3752
b. Unskilled 2582 1981
2, Maintenance
a. 0il 2448 3102
b. Repair 6964 6964 (N
3. Chemicals 28541 42962 ?
4. Fuel 38784 42269
TOTAL 75113 188658
901336 1287008

TOTAL ANNUAL COST




TABLE 11.8

ESTIMATES OF COST OF POLLUTION ABATEMENT

{FOR HALDIA OIL REFIMERIES]

{In rupees)

Time (7} in Vears -} 18 20 25 38
Social rate Resource  Soical  Resourcs  Social  Resource  Social  Aesource  Sacial  Resource  Socisl Comperc
of Discount cost cost cost cost cost tost cost cost cost cost r
NATER USED
8.08 8.35 8.63 8.28 8.47 8.21 8.37 8.18 8.31 8.15 2.26
8.10 0.24 0.63 8.25 8.45 8.2 8.33 8.16 8.29 8.13 8.24 0.58
8.12 .33 8.6! 8.24 8.43 8.19 8.33 8.13 8.27 8.12 8.22
NATER RELEASED
8.08 8.75 1.33 .53 8.98 8.45 8.77 8.37 8.65 8.32 8.33
a.18 8.73 1.3t 8.53 8.94 8.42 8.73 8.34 .50 8.29 2.51 1.26
8.12 8.71 1.29 2.51 8.91 8.39 8.78 8.32 8.57 8.27 2.48
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TABLE 11.9
COST ESTIMATES FOR POLLUTION ABATEMENT IN GREP

(In rupees!)

Time (7) inp Years - 2 13 28 ] 39
Social rate Resource  Soical  Resource  Social  Ressurce  Social  Resource  Social  Resource  Social Cosser
of Discount cost cast zost rost cost cost cost cost cost tost
WATER USED

.08 2.63 1.24 8.46 .23 8.37 8.69 2.3 8.57 8.26 2.48

8.1@ 8.61 1.21 .44 8.83 8.34 2.66 8.28 8.5 8.24 8.43 1.87

8.12 2.39 1.19 8.42 8.83 8.33 8.63 8.26 8.51 8.22 8.43

WATER RELEASED
.98 1.28 2.52 8.94 1.79 8.75 1.48 8.62 1,16 8.53 8.97
8.10 1.25 2.45 .89 £.73 8.78 1.34 8.57 .18 8.48 8.9 2,17

8.12 t.24 2.42 8.86 1.69 B.67 1.28 @.54 1.24 8.45 8.87
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TABLE 11.18
COST ESTIMATES FOR POLLUTION ABATEMENT IN MADRAS REFINERY

tIn rupees! )
Time (T} in Vears -> 18 13 28 30 .
Sorial rate Resource  Soical  Resource  Social  Resource  Socizl re Social  Resource  Social Coasercial
ot Biscount cost tost cost cost cost cost cost cost cost gost cost
WATER USED

3.4 8.73 LY 2.54 1,84 8.43 8.2: 8.36 8,87 8.3t 4.57

g.18 g.71 .41 @.51 1.88 8.40 8.77 8.33 8.63 8.28 2.33 119

8.1z B.69 1.39 2.49 8.97 8.38 8.74 8.31 8.60 8.26 8.51

WATER RELEASED

2.88 1.60 315 1.18 2.26 8.94 .77 8.78 1.45 8.67 1.24

8.18 1,53 3.9 {.12 2,18 8.38 1.49 8.73 1.37 2.5t {15 2,81

8.12 1.38 3.03 1.87 2,11 8.83 1,62 3.48 1.31 8.57 1.1
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CHAFTER XIB

TAMIL NADU PETROFPRODUCTS LIMITED, MADRAS

11.1 Introduction

) Tamil Nadu Petroproducts Limited manufactures Linear
Alkyl Benzene, a petroleum product. It has a technology licence
from Universal 0Oil Products, U.S.A6. It has a production capscity
of 60,000 million tonnes per annuwm. It consumes 1670 k1 of water

per day and reieases 820 k1 of effluents per day.

Linear Alkyl Benzene (LA is produced by reacting
Benzene with Olefine having a Carbor Number range of CieCix Or
C11Cra. The Olefin in tun is prepared from Kerosene which is the
feedstock for the process. '

The process plant can be broadly classified into Five
major sections. The first tlvee sections know asz &)
Frefractionation b) Hydrotreating and o) Molex or Molecular Sieve
separatim, are involved in separating normal paraffine of carbon
number range CreCim oF Ci11-Cia from the foodstock kerosends. Thes
fourth section namely Facol Dehydrogenation converts the rormal
. paraffine to the corresponding mono-olefins which are the more
active forms of the alkyl group. In the final Detergent Alkylation
section, the monoolefins are reacted with Benzene to form the
product LAR.



11.2 Manufacturing Process

(1) Frefractichation Section

Ly contalns NETaN!

Thes  feedetort: ber e

of  say Ceam alomg

paratfins in  the carbon naoker e

gt ioeaticon section 1n T

Arcmations. Tte functicon of the F

separate out the beart out with carbor romk

Ciimras This is achieved in Two Stripper columms,

(i1) Hydrotreating or Hydirobon Se

to remove  the sulpboe

hey

The function of this

and  nitrogen  present in the procioct drom The previouws

i thee sulbr

otherwise these would harm The  cotalys
sections.  The incoming stream is mixecd with hydrogen, the solobeos
and nitrogen compounds are  converted  to bydrogen sulphide ol

AMMCNLA .

(ii1) Molex or Molecular Sieve Separation

In addition to the desired rormal paraffing
boiling non-normal paraffins amd aeromes

stream to this wilt., The funchion o

the co-boiling fractions through o

normal paraffin on molecular sies

(iv) Facol or Dehydrogenation

The extracted normal paraffins with  the carbon mumbsse

il

';a.itéc-j lh thlc &

range  of CieCix or Cia-Caa 1w delbicir

with

fitd,

The feed stream to this section  is
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hydrogen and in  the presence  of platinum based catalyst, the
paraffins are converted to corresponding olefins  and  ydrogen,
hydrogen is separated from the hydrocarbons.  The hbydrocartons are
further stripped in a stripping column to remove ligt'xt ends and

balance hydrogen. The bottom product is sent to the next zection.

(v) Detergent Alkylaticon Section

ThHe final reacticr betwesn  bencene  and  olefin is
achieved in this section in the presence  of Liguid Hydrogen

Fluoride (B Catalyst. The s

stants and catalyste ame iniltially
mixed and reacted in two stag in tray columns.  The M- acld is
then separated from the product stream by settling and  recycled
for further reaction. In a further step, the product stream is
stripped in a HF stripper to renove the balance H-  which is
recycled. This is followed by separation of the unreactscd benzene
in  the product stream by sending the sarme to Benzene Column from

the top of which bensens is

ate! and recycled to the reaction
section. The bottom prochact from the Benzene Coluwm is sent to e
Faraffin Stripper where the normal  paraffins  which  were not
converted in the Pacol section is removed from  the top of  the
colun and retwned to Facol section while the product stream
emerges from the bottom. In the final step, the product stream
which contains a compound called Heavy Alkylate formed through
side reactions and due to the presence of small quantities of
heavy non-normals, is removed from the AR with the use of a Rerun

Column and a Recovery Column.

11.3 PFollution Abatement Methods

Thee cooling Tower  Blow  down i sent to cecduction

precipitation sums in series where HaS0a, Fefla and lime solutions
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are added and the trivalent oclromiun  is precipl tated Al
subsequently settled in a clarified. The  sludge from this
clarified goes to drying beds while the overflow is mixed with the
acidic effluent from water treatment plant and  neutralised  and

sent for disposal. V Notch is provided to measure the flow.

The process effluents are deoiled in a tilted plate oil
separator and the slp oil is pumped to tanks. The deoiled effluent
is mixed with domestic sewage and treated for 70D using low rate

Rio filter.

The mixed effluent is circulsted through a low rate Bio
filter packed with plastic rings down to a recycle sump by puomps.

The recycle sump overflows to a secondary clarified where Ul
settled sludge is drained to sludge drying beds. The clarified
overflow goes for final disposal. V kotch is provided to oeasire
the flow.

Table 11.1 shows characteristics of the effluents before
treatment. Table 11.2 gives the quality of effluent as per IS2490
standards. Figure 11.1 gives the ‘low diagram of  effluent

treatment plant.
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Influent to EHlueﬁt Treatment Plant

51.

Description

Cantity

Chaality

Chromate Effluent
from Cooling Tower
Blow Down

Water Treatment
Flant Regeneration
waste and Boldler
Blow Down

Oily Effluent From
Frocess

Domestic Effluent

7

24

Crila~=0 prm

Acidic TDS
M) ppom

Q1 1-Z00
Traces-Mts
25

High EOD
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TARE 11.2

Ouality of the Final Effluent As Per IS 2490

SI.No.  Charaoterd it Toleramce |t

L. FH P 5.5 e @
e Temperature G Y At the poant o

discharge

min/ SBhall pass

ML ITCmT mLoerore s

ey S 1

iy /1

Cirorganio !

& Chlorides

a fIaoride

o Sulphide as (8 sl
9. Oils and grease g/l 1@
1. EOD 5 days @ 2090 e/ 1

L. 00 g/

K74

1. Tovbal resicoaal cohlorine

fale

13, Churomiun &

14, Total Chrcmam

e Fres Ammoriia tas M)
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water to BT,

11.4 Comt Estimates of Follution Abatement

The investment on the 69 loent Treatment Flant s to

the tune of Rs J0E Lakh., Thte o e

water uesed 1s 1670 k1 per oay whil le the water trested  is

soand social cost of oo b

per day. From thess, the rescacs o

of water tsed works ol bo

st of ce k1. of vt

r8. 1@ and T=I0 ye:

aradt o moial cost oof one b

userd 1s s B.él.

water released is Rs 3.08 and Re o090, respectively for e=2, 08 anc

roooowe bl of waker e

T=20 years. The commercial coet per oee Bl of water relssses) s

ks 17.55. The oost flows are gulesn an Table 1103 and e oot

estimates are given in Table 11.4.

11.9. Conclusion

From the above analysiz, 11 can be seen that the o

released s slightly bhoobs

of pollution abaterent per k1l of

[y
]

bweirg Fe 17055,

with the comercial cost of water v
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Cost of Pollution Abatement (TN Petroproducts Limited)

(In rupees)

Commerrcial cost

A. Fixed Cost

1. Land
2. Other fixed cost
1) Machinery & equipment

ii) Fiping
1ii) Civil work
a) Bricks
) Cement
) Stesl
iv) Electrical eguipment

vy Installation
Total

E. Operating Cost (M on I'HL‘H )

1. Labour
a) 8lilled
b)) Uneskilled
2. Maintenance
a) 0il
B Repair
Ze Chemicals
4. Fuel
TOTAL AN

150 171250
F2A2424 21257575
200 794143

CHD 2130
3310
626
16476

768240

fived cost 30650008

157 of so— 4397500
cial cost
Operation 651540
cost v

Total

Quantity
of water
used per
ear
Aantity of
water rele- 299200

| 5245040

LOFD

Cost per k1l B8.61
of water

used
Cost r kl 17.53
of water

released
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TARE 11.4
Estimates of Cost of Pollution Abatement
r k1l of water
(TN Petrochemicals Limited)

(I rupees)

Time (T) -> 15 20 256 v

Social Resource Social Resource Social Re
- rate of cost cost cost cost -
discount

Jree Soxial Resouwrce Social Commercial
cost cost cost cost

WATER USED

8.08 .17 670 2.43 5.1 1oL
?.10 .10 b6.61 2,357 S.o2
@.12 6.57 2,52 4.93 1.87 .99 1.56 IVEE

WATER RELEASED
2.08 6.46 17,65 4.9% 103,79 4.0% .29 .4 7.7
0.10 6.31 13.46 4.97 10,202 391 H.25 .58 i 17.53
@.12 .21 13,74 4,78 10.88 T.al 8.11 .18 . 763

bl

i.«l
&
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CHAPTER XII
GUN & SHELL FACTORY

12.1 Introduction

Gun and Shell Factory is & Engineering  factory  wncer  the
Government of India, Ministry of Defence which produces emplty components
of Arms and Ammunition. Aiorwg with guns, shells and fusss, it also
undertakes production of heavy enginesring and precision  sngineering
components., It functions on the basis of one shift per day, working for

about T2 days in a year.

12.2 Water Consumption and the Cost of Froduction of Water

The factory utilizes water for slectroplating of ths components
produced and for domestic consumpticon. It uses approsimately 2537 kl.
of water per day, the sources being deep tubewell and Calcutta Municipal
Corporation for  filtered water and river Hooghly for unfiltered water.
Its domestic consumption comes to 142 kl. per day while industrial

consumption is 2100 kl. per day.

The cost of producticon of water from tubewells is csloulated
using methodology described in Chapter 111, and given the requisite
information about operation and investment cost of the tubewells. The

cost flows of production of water ie presented in Table 1201 while Table

12.2 gives the estimates of cost of production of water per kL. The
resource cost and social cost estimotes per k1. of water are s 0,25 and
Rs 0.4 for r = Q.10 and T = 20 years, The commaircial cost of water is

Rs @.82. The high resource cost of production of water in this Calcutta
wnit (as with all other Calcutta wnits vis-a-vis  Fanpar wanits)  is

explained by the sandy nature of the seoil and the esdstence of the water
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table at a greater depth. This factor  is

alao respnsible for the

shorter life span of a tubewell, on the average,. in and around Caloubta,

12.3 Waste Water : Geperation and Treatment

It is interesting to note that the factory was till very
recently discharging 2262 kl. (Domestic - 1462 k1. per day and Industrial
— 2100 kl. per day) of untreated effluent water into the river Hooghly,
without being penalised. It is due to recent notices issued by the
Ministry of Environment and Forests that the factory has commissicoed a
Primary Effluent Treatment Plant in 1988-89 while the secondary plant is
under comnissioning. The effluent treatment plant under operation

undertakes a treatment process that is complete. A look at  the wa

pollution contributing inputs used in the production process may b
helpful (Table 12.3) to get an idea of the toxicity of efflusnts
released. Table 12.4  suwmmarizes the discharge of effluents by

composition. The effluent treatment process comprises of,

(a) effiuent water treatment at fuze section, and
(b) treatment at EDS section.

The process of pollution abatement is giver in Aneswre 1201 and
Annexure 12.2.

Apart from setting up the effluent treatment plants, quality
changes in output have been incorporated in the production  process  sas

additional water pollution abatement measures.

The cost of pollution abatement is worked out weing methodology
described earlier. Table 12.5 gives the cost flows of pollution
abatement while the estimates of costs of pollotion abatement are given

separate them in Table 12.6. Table 17.% reveals that the resource cost



of pollution abatement per kl. of water released is Rs 0,28

cost 1s Rs Q.56 for

r= 0.10 and t = 2 years. The commercial cost per

unit of water released works out to be Rs @.973.

12.4 Qonclusion

It is seen
while the operating
chemicals required.

in practice.

that fived cost of effluent treatment plamt is low
cost is quite nigh due to the heavy expanditure on

The pollution standards stipulated are not achieved
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Annexuwre 12,1

PROCESS LAY OUT OF EFFLLENT WATER TREATMENT AT FUZE

Frocess water of Fuze Section will be collected in equalising
Tank and then water will be pumped off to the second Tank where water
will be treated chemical ly. The treating tank will be separated in
three chambers. In the Ist Chamber a solution of Hydro-Chem R for
treating hexavalent chromiwn to trivalsmt chromium will be mixed in the
chamber which will be brought in the 2nd Uhamber by over flowing where
water will be given a stirring effect. Cremically treated water will be
brought in the Zrd Chamber where a solution of sodium carbonate will be
mixed in the water with a stirring arrangement to make water alkaline.
Now entire water will pass through a settling Tank — "A° where trivalant
chromium salt and other heavy metal-—salts will be precipated. Finally
water will pass through another settling Tank "R’ where water will be
free from any residue. Now the water will be allowed to go into the
drain.

;:r'cm time to time the settling Tanks will be cleared and
residual substances will be stored in polythene containers which will be

stored in a secured place to avoid contamination.

Diagram 12.1 gives the flow chart of this process.
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Annexure 12.2

EFFLLENT TREATMENT PLANT AT EDS ~ 2 NOS.

1. Plant to Treat Hexavalant Chromium

a. Procedure and Layout

Effluent arising from different pockets of EDS will s collected
in tanks of total capacity of 19009 litres which are called Equalising
Tank and then water will be punpexd off to the next set of tanks where
water will be treated chemically in two stages. In the firest Treating
Tank of 2800 litres capacity a solution of Hydro-Chem R will be added to
the water with a stirring action to convert bexavalant chromium and then
water will pass through a small tank of 2000 litres capacity (approx.)
where it will get some time gap before going to the second  Treating
Tank of 2800 litres capacity. In the second Treating Tank a solution of
sodiwm carbonate will be added to the water with a stirring action to
make water alkaline. The pa value of water will be kept at 8.% to 9 and
that will be controlled by a pa metar, After Treating Tanks there will

be a series of 4 tanks which will bte used as Settling Tanks. Each tank

will be 8000 litres capacity approsimately. Slve capacity
of Settling Tanks (near about 22000 litres) treated water will get
sufficient time to be retained. In the period of retainment entire
undissolved trivalent chromium will settle at the bottom of tanks.

From time to time the settling tanks will be cleaned and
residuals  will be stored in small polythene containers. This will be

stored in a secuwed place to avold contamination.



a. Frocedure and Layout

Process Layout of Treating Efficent Containing Copper  Cadmium

and Cyanide Contaminants arising fron the Electroplating Shop of EDS.

The plant consists of 2 wunits, Firet unit is called tresting
wit where copper and cadmiuwn will e breated by adding sodiun carbonate
solution (maintaining a range Of ba valus 8.5 to 9 by a pa control ler)
with a stirring effect. Secomd wunt consists of two settling tanbks
where insoluble carbonate and hydrosides of  copper  and  cacdmiom will

settle with the help of coagulating aid. Eight bours retention Time

will be required. Settling tanks will I used altermately. &ftse eight

haurs water free from copper and cadimium contamination will be  released

to pass through the third wiit  where  cyanide will be treste
alkaline media (maintaining a range of e value 11 to 12 by & e
controller) by adding bleaching powder with & stirring effect, Fimally
sulphuric acid drip will be given to the treated water for neotralising

its alkalinity before releasing it into the drain.

Diagram 12.2 provides flow chart of the process.



TABLE 12.1

COST FLOWS OF PRODUCTION OF WATER PER KL.

(6UN & SHELL - TUBEWELL)

{(in rupees}

— Resource Social Commercial
cost cost cost
A.  FIXED COST
1. Machinery Equipsent
a. Pipe 42167 96984 Fixed Cost Jnaees
b. Pump 122514 281782 13 per cent of 45000
fixed cost
c. Fittings 21269 48918
Operating cost 368424
2. Construction
Total 685424
a. Ceaent 12891 29649
Per unit market cost 8.82
b. Bricks 4365 15899 of water :
€. 5teel 14018 32241
3. Labour boeee 25800
TOTAL 279424 230473
B. OPERATING COST (MONTHLY)
{, Maintenance
a. 0il 290 435
b. Repair 151 131
2. Fuel 44100 68549
3. Labour 2108 983
TOTAL 46641 62438
ANNUAL OPERATING COST 359692 7444564




TABLE 12.2

ESTIMATES OF COST OF PRODUCTION OF WATER PER KL.
(BUN & SHELL - TUBEWELL)

{in rupees)
Tine {1} In Years -} 1 0 23 38
Social Rate  Resource  Social  Resource  Serial Resource  Social  Resource  Social Commercial
of Discount cost cost cost cost cost cost cost cost cos}
8.08 B.46 .42 9.19 9.5 8.33 8.4 8.3 0.48
8.18 B.40 8.56 g.34 6.6  8.29 .39 8.25 8.34 8.22

8.12 8.37 .58 3.30 2.41  D.75 0.34 .41 8.29




TABLE 12.3

CHEMICAL COMPONENTS USED IN EDS PRODUCTION PROCESS
(K6, /PER DAY)

Hydrochloric Acid
Nitric Acid
Sulphuric Acid
Chrosic Acid

Sodium Dichlorate
Cadaius Metal Anode
Cadniun Cynide
Caustic Soda

Sodius Cyanide

CHEMICAL COMPONENTS USED IN FUZE PRODUCTION PROCESS

(K6./PER DAY)

Mydrochloric Acid
Sulphuric Acid

. Nitric Acid

Chloric Acid

23

40
13

226



TABLE 12.4

INDUSTRIAL EFFLUENT DISCHARGE

ey
it &

SI. Itea Standard fActual Sample  Sample  Saample Sample
No. required {average of A g € 0
£+D)
fo pnovalue 9.8 7.6 6.5 2.0 7.8 7.4
2, Tesperature o 29.2 3 28 29 29.4
3. Colour Whitist  Yellow  Yellow Whitist Whitist
hazy
4, TS5 ag./1 180 138 98 78 144 132
3. TDS mg./] (Inorganic) 1920 1148 1830 1978 1878
6, Total volatile solid mg./!l §76.5 410 388 458 493
7. BOD sg./] k) 42,5 40 49 45 49
8., COD ag./1 258 382 379,39 397.8 408.2 355
9. 0ils & Greaces ag./! 18 3.5 8.4 2.6 1.6 3.5
18.  Chloride (as Cl} ag./] igoe 117.8 212.5 638.8 188.¢6 94.9
11, Sulphate {SD4) ag./} 29,5 32 28 38 29
12, Sodium (per cent) 82.5 105 76 118 47
13, Lead (as Pb) ag./] 2.1 8.44 2.5 f.6 8.28  nil
14, Chroaius {as Cr) ag./l 8.5 nil 1.3 1.4 nil nil
5. Zinc (as In) mg./] 5 8.65  nil nil .3 ail
Notes: Sasple A - EDS Section

Sample B ~ Fuze Section
Sample { - Discharge in river Ganges

Sample D - Sewerage settling tank.



TABLE 12,5

COST FLOWS OF POLLUTION ABATEMENT

(in rupees)

Respurce Sorial Lommercial Cost
cost cost
A. FIXED COST
1. Lland 258000 265000 Fixed cost 432098
2. Other fixed cost 15 per cent of fixed cost 64808
3, Machinery equipeent 95132 126849 Operating cost 639588
b, Piping 20582 47569 Total 784388
t. Civil work Per unit market cost 2.93
of water released
(i) Bricks 12255 28186
Per unit market cost .77
{ii} Cement 23937 910t of water usad
{iii) Steel 26168 58186
d. Electrical equipment 12740 29382
e, Installation gio0 28938
TOTAL 41@as4 653123
B.  OPERATING COST (MONTHLY)
f. Labour
a. Skilled 5759 6250
b, Unskilled
2. Maintenance
a. Dil 39 9
b. Refair {11 {1
3. Chenicals 17879 56818
§, Fuel 1890 2593
TOTAL 46169 65833
ANNUAL OPERATING COST 554828 789996




TABLE 12.6
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ESTIMATES OF COST OF POLLUTION ABATEMENT PER KL. OF WATER

(In rupees!

Tige (T) in Years -»

{5 2 25 ie
Social Rate Resource Social Resource Social Resource Social Recoyrce Social
of Discount tost cost cost cost cost cost tost cost
WATER RELEASED
8.08 8.46 8.46 8.39 .55 8.33 8.48 .79 8.42
8.10 2.4 8.59 8.34 8.49 8.29 g8.4! 8.25 8.36
8.12 8.37 8.53 8.30 8.43 8.25 8.36 2.21 8.3!
WATER USED
8.08 8.38 8.54 8.32 0.4¢ 8.27 0.39 2.24 8.35
8.18 8.34 8.48 8.28 8.40 8.24 8.34 0.20 8.29
8.12 8.38 8.44 8.25 8,35 8.21 8.30 8.18 8.25
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CYAMDE & COPPER TREATMENT PLANT
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CHAFTER 13

SMALL PAFER AND FULP MILLS

13.1 Introduction

The rise and growth of small paper and  puln mill ig
comparatively a recent phbenomenon  in India. They reguire less
initial investment and can base themselves on agricultural residues,
besides wastepaper which are found in abundance in several parts of

the country. Their capacity varies from 3 to 20 tonne pe‘r’" day (TFD).

CoAs on 31 March, 1983 they numbered 170 with an installed capacity

7.12 lakh tonnes per annum  (TFA) constituting 75 per cent of  total
installed capacity of paper and boards in the country. Three states
namely Gujarat, Uttar Pradesh and Mabarashtra account for 43 per

cent of total installed capacity of the country.

In the next e tion we describe in brief the

manufacturing process. ’
- 13.2 l‘litufacmring Process
The raw materials for emall paper mill is constituted of

rice and wheat straw, bagasse. jute, cotton rags, different types of

grasses, waste paper, purchased pulp eto.

Main pluping processes which are  normally enployed. .in. ...

paper industry are (1) chemical process (i) cheno-mechanical

process (11i)_ mechanical process (hydro-pulping).
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Chemical Process Agrigultural residues like quoiny, jute
etc.- are put into the rotary digesters along with chemicals like
;Ddiwn hydroxide and/or lime and are beated at  high | temparatuwre
(150= C). Steam pressure is maintained between S and & kgrsg.  om.
Digestion time is of 2.5 to & howrs. FRatio of raw material to water

is maintained at 1:3.3-4.0 before digestion starts.

Chemo-mechanical pulping: This process use both chemical
and mechanical process in series. The raw material is scaked in 35
per cent caustic soda solution at 200 for 1570 minutes. The soaked
material is then subjected to drastic mechanical treatment to

seperate fibres.

Mechnical FProcess: Used for waste paper and recycled
paper. Hydro pulping unit comprises of a high speed rotating dire
which chops the paper to fibre in presence of steam and moisture.
The pulp yield is estimated to be 7080 per cent.

Pulp Procesaing

Fulp Washing: Chemically digested pulp is discharged in

a blow pit or on a perforated floor where part of Black liquor
drains out. Some mills take cooked material directly taken for
washing in pouchers. The palp wash is one of the major souwrces of
wastwater besides black liguor.

Beater, centri —~ cleaner, thickener: Fulp from poucher

is dumped  to beater for beating to separate fibers and remove

adbering dirt, chemicals and colouw. From beater, ths pulp is

sereened and then taken to centre-cleaner . for removal of beavy. . ...

inorganic materials (mostly sand). It is then pumped to  thickener

" where water is ssucf:f'd by rotary drums and discharged as wastewater.
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Bleaching: It is adopted for bleach paper production.
After thickening the pulp is subjected to chlorination, alkati
extraction and calcium hypochlorite  treatment in that order. In
small mills only calcium hypochlorite or Dleaching powder 1s wsed.

Paper Making

Blending, conditioning and stock preparation: Rlending

provides the required pulp to water ratio. conditioning is done by
chemicals like alum, rosin, talc & acid to suit reguirement of final

paper guality.

FPaper Machines This consists of a moving wive mash and

rotary driers. Steam is used is driers to drive away molsture  from
the sheet of paper formed on the wire mesh and piloked up by the
dr-iers. The wastewater generated in this section is known as  white
water and is recycled upto 80 per cent for palp washing in pouchers.
Finished product is cub o size oo ready for marketing (See Diagram
12,10,

Water requiremsnt in agricultural residue mills ranges
from 200750 cubic metre per tonne of paper and that in wastepaper

based mills ranges from 100150 oot metre per tonme  of paper,
13.3 Waste Water Generation and Cheracteristics

As we  have sean in marufacturing process wastowater is
released from (1) Black liguor from cooking section (113 Fulp wash
water from pouchers (111) Beater section (1v) Bleaching section (v)

Thickener and (vi) paper machine.



segregated

In agricultural recidus baseo milis black water  is not

and 1t ends up in pulp wasiiog eostewater.  Black liogues

is the most pulluting among different strears.  Fulp washing sectior

contributes

rearly 80 per  cent of tosel pollution load.  Flow o

composition of pulp wash water varies zince operations  are  cary Lol

out in batches. Faper machine wastewater 1 least polluting bat it

contributes appreciable amount of suspendsd solids.

The wastewater is brown in colowr due to lignin  contant

and has a pM of 6.0-8.5. (See table 17,1, The 909 percentile woluos

for flow works out to 255 cublc metre per tonne of paper.

bleac hlng ’

adopted.

of paper.

17.2).

wastewater .

Wastepaper based mille gerer ate  wastewater only  frow

thickener and paper maching since no chemical pulping is

The 90 percentile value for flow is 149 cu.m.  per bocme

The soluble BOD  fraction is

e Lol Lo

Based on  the weighted average  cheracteristics ot

the pollution lecads for mills using  agricalboesd

residues (20 TFD) and waste paper (19  TPD)  has  ben  presented o

Table 13.Z.

costs.

industry is

It is wseful to work oult the treatment system sl the

The: Minimn National Steedard (MIMAS) for pulp and o

as fol lows:



MINAS for Small Pulp

Farameter

FZH

and Paper Industry

Concentration

6.0 -

2.8

Suepended Solids 1 mg/ 1

Bic-chemical Owyger Demand (2003 S omeg s

13.4 FPollution Abatement Methods

il ur the treatment of we o water

The wnit proce

from agricultural residue based mills ares
i. Eogualisation of +low from pado washing section;
ii. primary clrificatice for combined waste water s

iil. e

gacondary bological Wil i W

iVa sludge drying bexdds or Lagoons for primesery s hooge

Eoualisation for palp water:

225

pulp washing  section

accaunts for per cent of total waste water and contributes

around 70-80 per cent of pollution load.
discharged

Thesses  waste  waters are

intermittently. Ve first wash water is more

concentirated than the second wasb weter.

Atermative 1 Tt envis Plosme eoualisation for

pulp waash water,

-

Al ternat ive M

Tt ey tacH

tlow equalis for e entire

pulp wash water.

alt

Frimary clarifier amd colevaneys Fve

suggested for agricultural e

sl omilles.



Treatment  Alternative g Crrty [ Oper g

acclimatisationm, prims

et ebt et wi ] bes

in an  anaerobic  lagoon  witlh s detention time of
Subsequently, it will

detention time of 4

wn aerated  lagoon  with &

The etfluent leaving aer:

lagoon will pass through a

fuing poncd owith & detention
time of 23 days before CrhErge or wuse  on land for

agricul ture,

Treatment alternative II1: Effluent  from  primary olarifier

will be treated in an asrated |

6 days. Ther it will be taken to a polishing pond with

days detention time before finel discharge.

Ldation  ditch  on

LA THDE, O mg /L) can e

Treatoent alternative 111

aeration principle with bigh F

used followed by a secondary ol b0 .

Treatment alternative 4 Coanbired effluent v T,

eualigation and primary  settling will  be tresated Ar

anaerobic  lagoon  after oo

A11ing and acelamat s

with a detention time of 29 deyes. Tt will b

treated  in aerated lagoon with & detention time of 4 s

< detention time.

followed by polishing ponc with 4 o

Treatment  alternative Vi Sarer as altermative 11 eqscept

polishing pond is replacecd tlang tanmk.

Timsnts, waste water will be

After any ane of the traa

practically devoid of nitrogen and phosphoroons, bence nutrients will

have to be supplemnted to biologid Mt pIroeCess



oy
At

For mills using waste pa and  purchased  polp as raw

material the treastment le carried oot in the following pre

i. Recycling of recovered dibre and water to the  meccimam

ssible extents

fone

ii. primary clarification of combined waste ws

or aftter fibre recovery:

iii. drying of primary sludge or sludge deying bed o lagoons

iv. the effluent from primary clarifier needs to e fwrther

treated eilther in a stalsi ]

ation poncd oF 1 s ated

lagoon.

Design criteria of five alternative trestments ) LVENT

in diagram 13.2. Thes effluent quality at each stage of Trestment
for agricultural residue based mills and waste papsy  and  porohased

pulp mill is given in Table 13.4 and 13.5. 10 cu m of flack liguor

inciles . If 5 peer cent of  this

liguor can be soueered oul by sommes o = the pollution load sand cosh
Y

of waste water treatment would el reduced proportic

13.5 Cost Estimates

Tt cost flows of  alternatisve  Drestments fos S TED

agricultwal  residue  based mill sre glvern in tables 175046 to 13,10,

The corresponding cost estimate

aro opivern dn Table 135011 to

These oost flow  tables reveal G the resource cost of pollution

abatement per kL of water wsexd ranges from Rs @029 to 41 while

soclal  cost  ranges from Res @037 to

QLAY taking rate of dizcount



r=9.10 and time period, T=70 vears. Similarly  resource wmt Of
pollution abatement per kL of water relessed lie between Fa 0,468 and

Rs 0.81 when social cost lie betwesn Rs 0.76 and Rs  1.47  for  the

it

same rr and T, respectively.

13.6 Canclusions:

In this study we have restricted ouwrselves o small
*paper mills only. Like small paper mills, large ones also have
" environmental problems associated with it. Water requirensnt per
tonne of paper produced in small mills are significantly higher than
that .D'f large mills. Also there is significant differences in the
characteristics of waste water discharged by small and large paper

mills.

The capital and operating cost of pollution abatement
methods. per tonne of paper producexd is higher in small mills. This
also gets reflected in resouwce and social  cost of pollution
abatement which twns out to be larger f(:nf amall mills. The reason
being that small mills db, not practice chemical recovery @l reuse
of water while it is economical for large Amills. In additicn, =mall
mills are located in isolated areas and they cannot take advantage
of significant economies of scale in the pollution abatement

measures.



TARE 12,1

RANGE AND AVERAGE CHARACTERISTICS OF COMBINED
WASTE WATER AND POLLUTION LOADS FROM MILLS
BASED ON AGRICLLTURAL. RESIDUE

Farameters o Data for 7 Mulis

A 1D

Aotual Valuesk Sve

UL LA Mo

Valwmes o /T 17

If.".t"l

Sragpeniced
EOD Eg/T
DO g/ T

ke T

Lignin kg/T

Motes: ¥ Eleven values ars
ot mian aned mest valdu

Pt wrk g

X%

roduchion are takeyy dow
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TARLE 13.2

RANGE AND AVERAGE CHARACTERISTICS OF COMBINED WASTE WATER
AND POLLUTION LOADS FROM MILLE BASED ON
WASTE PAFER AMD/OR PERCHASED FLLP

Farameters a3 on Data for 4 Mills

(223 TDF)

sl Valuesx

FLLr A Ml Lrim

Volume Cuom/T T 159 1897 & 54

Volume Cu m/T{H) percentile va
o 7l 7.

Suspended Solids, HEg/T 47 78 A A e
FOD g/ ) 83 A I SR 1 W
0D Eg/T 49 91 A oL L E

Motes: ¥ Seven wvalues are tsben for working oot mindoen
and maciiman values .

sducticen are taken
wlations.

& 4 Waste waler volums ancd o
for weighted average oslo




TARLE 13.7

- WASTE WATER VOLLME AND POLLUTION LOAD FOR MILLS EMALOYING

AGRIOLTURAL. RESIDLE (20 TFD) AND WABTE PAFER
AND/OR PLLFP (15 TFD)

Farameters Capacity (TFD?

| 15

Volume cun/d{average) D 128G
P &H.0-8.5 73177
Suspended =olids kg./d 108 1,554
BOD kg./d HaE1e D

oD kg./d 14,618 1,050




TAME 13.4

EFFLUENT QUALITY AT EACH STAGE OF TREATNET PROPOSED IN DIFFERENT ALTERNATIVE METHODS
(AGRICULTURAL RESIBUE BASED SPM)

Alternative [ fiternative 11 Alternative 111 Alternative [V Alternative v
Paraseters Raw Primary Anaerobic Aerated Polishing ferated Polishing Oxidation Anaerobdic ferated Polishing herated - Secondary
waste tlari- lagoons lagoons  pond lagoons pond ditch or lagoons lagoon pond lagoon settling
water fier (204 D) (44 DT} (3d DD (4d DT (4d DT} activated (254 DT) (4d 0T} (44 DT) (4d DT
sludge
followed by
secondary
setting
Flow C, /T 252 135¢
bl 5.8-8.5 6.9-3.0 6.6-7.3 7.0-8.0 7.9-8.2 7.5-3.0 7.0-8.8 7.9-8.3 5.5-7.7 1.5-8.8 7.9-8.8 7.5-8.8  7.8-3.9
35, #g./1d 615 = Rl 42-48 ) fed-25¢ 59-48 20-38 KM 1d-08 38 109-250  S@-s2
(19} (78) o }] (85! 7% (§:[}] (8]) (78) (85} (75
50D, ag./! 700 325 299 78-89 48-58 39 39-58 299 ‘9-68 42-38 89 38-58
{25} (45) (85! 90) 1351 i98) (B0} (35 (99) (85 99}
20D, »g./1 2,940 1,765 1,258 1,089 1,008 1,000 1,000° 1,800° 1,298 !, 800 1,000 1,000 {008
(49 (1 ]

Sludge voluse

T ov'v average flow

ind at 8.79 per .S
cent solids

zancentratian

-

Notes: 1 9@ percentile value.

D7-Detention tise; figures in drackets represents expected percentage reduction.
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TABLE 13.5

EFFLUENT QUALITY AT EACH STAGE OF TREATMENT PROPOSED
(WASTE PAPER AND PURCHASED PULP BASED SPH)

Parameters Raw waste Primary flternative I  Alternative ii
water clarifier  stabilisation  aerated lagoon followed
pond by polishing pond
™ 1.4-1.1 7.8-7.5 - 1.9-8.3 7.0-8.8
S5, ng./1 548 110 38-58 (48) I8-58 (64)
BOD, ag./1 199 8@ 20-38 (78) 15-20 (88)
COD, ag./1 653 165 ge-188 (43) 58 (79)
Sludge voluse at 8.73 6.5

per cent solids
consistency (X v/v)

" Note: Figures in brackets represents percentage reduction.



TABLE 13.6
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COST FLONS FOR PULP AND PAPER INDUSTRY (AGRICULTURAL
RESIDUE BASED, CAPACITY 28 TPD) AT 1987-88 PRICES

{TREATNENT ALTERNATIVE A)

{In rupees)

Resogggi Sngggi Commercial cost
- A. FIXED COST
‘ ”““1;>i—tanﬁ I 1207088 1375980 Fixed cost 8215748
2. Other fixed cost - 1§ ger'cent of fixed 1232364
cos
a. Machinery and equipsent 2097365 4823948 Operating cost 721872
b. Piping 787221 1810418 TOTAL 1954233
t. Civil works
(i) Bricks 464268 1867797 Quantity of water 748888
releasec per year
(ii) Leaent 993286 2877558 ﬁuantity of watr used 1548008
, : per year ki.
{iii)  Steel 1001184 2302723
. 8. Electrical equipment 499612 1128408 Cost of I kl. of water 2.61
released
" e. Installation 350437 886085 Cost of 1 k1. of water 1.26
TOTAL 7381365 15393021 used
B. OPERATING COST (NMONTHLY)
{.  Labour
a. Skilled 3540 3549
b. Unskilled 2360 1015
2, HMaintenance
a. 0il 1498 2235
b. Repair 4292 4292
3. Chemicals 20919 31379
4, Fuel 22859 31389
~ TOTAL ANNUAL COST 665520 886152




TABLE 13.7

COST FLOWS FOR PULP AND PAPER INDUSTRY (AGRICULTURAL
RESIDUE BASED, CAPACITY 28 TPD) AT 1987-88 PRICES

(TREATMENT ALTERNATIVE B)

(Iﬁ“;ﬁbeesf

Resource Social Commercial cost
cost cost
A. FIXED COST
1. Land 552278 £29588 Fived cost 6474284
2. Other +ixed cost 13 fer cent of fired 971147
ros
a, Machinery and equipment 1772183 4875974 Operating cost 1823604
b, Piping A45161 1529870 TOTAL 1994947
¢, fTivil works
Buantity of water 748882
{iv  Bricks 192274 992238 released per year kl.
(it} Cement 761229 1755426 Quantity of water 1548200
used per year kl.
(i1} Steel 845948 19454680 Cost of 1§ kl. of 2.66
water released
d. Electrical equipment 414541 933444
e. Installation 296101 681032 Cost of { kl. of 1.28
water used
TOTAL ST01487 12473244
B. OPERATING COSST (NONTHLY)
f. Labour
. Skiiled 7129 M29
b. inskilled 1752 2843
2. _ faintenance
a, Dil 1259 1888
b, FRepair 3627 3627
3. Chemizals 29570 44585
4,  Fue} J2aze 44512
TOTAL ANNUAL COST 94L704 1244448




TABLE 13.8
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COST FLOWS FOR PULP AND PAPER INDUSTRY (AGRICULTURAL
RESIDUE BASED, CAPACITY 28 TPD) AT 1987-88 PRICES

{TREATMENT ALTERNATIVE C)

iIn rupees)

Recgurce Social Commerciz! cost
cee cost
A. FIXED COST
1. Land 1919967 2188742 Fized cost 10701528
2, Other fixed cost {5 ger gent of fiiec 1685238
€os
a. Machinery and equipaent 2627857 L@44128
Operating cost 1094816
b. Piping 9B34C 2248593
TOTAL 2699246
c. Civil works
. Quantity of water 748680
{1) Bricks 281491 1337899 released per vear LI,
{ii}  Cement PI31768 ZR2B6S Quantity of water 1548000
used per year ki,
{111)  Steel 1234427 2885186
Cost of | ki. of 3.68
d. Electrical equipment £147@% 1413331 water released
e, Installation 439878 1087879 Cost of 1 kL, of 1.74
water used
TOTAL YEa88Lt 19751338
B. OPERATING COST (MONTHLY)
1. Labour
a. Skilled 4358 6330
b. Unskilled §27@ 1815
2, Maintenance
g, 0il 1866 2799
b. Repair 337 3379
3. Cheaicals 31784 47556
4. Fuel HEdt 47566
TOTAL ANNUAL COST 190971 1337340




TABLE 13.9

COST FLOWS FOR PULP AMD PAPER INDUSTRY (AGRICULTURAL
RESIDUE BASED, CAPACITY 28 TPD) AT 1987-88 PRICES

(TREATHENT ALTERNATIVE B)

{In rupees)

Resource Secial Coasercial cost
cost cost
A, FIXED COST
f. Land 938980 1870437 Fized cost 4760917
2. Other fized cost 15 per cent of fixed 714138
ros S
3. Mackinery and equipment (143715 2438544
Operating cost 723264
b. Fiping 429280 987344
TOTAL 1437482
¢, Civil works .
Quantity of water 748808
(i} Bricks 253165 582208 released per year kl.
f11?  Cement 492571 1132914 Quantity of water 1540088
used per year kl.
fiiit Steel 545936 1253700
Cost per k1. of 1.91
d. Elactrical Equipsent 267535 615338 water released
e, Inztallation 191497 439523 Cost per k1. of 8.92
water used
ToTAL 4267299 8714872
B. QPERATING COST ¢(MONTHLY)
1.  Labour
a. Skilled 5226 3226
b. Unskilled 3485 1498
2. Maintenance
a. il 12 1218
b. Repair 2341 2341
3. Chemicelsz 28948 31448
4,  Fuel 22903 31444
TOTAL ANNUAL COST L8724 878828
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TABLE 13.18
COST FLOWS FOR PULP AND PAPER INDUSTRY (AGRICULTURAL
RESIDUE BASED, CAPACITY 28 TPD) AT 1987-88 PRICES
(TREATMENT ALTERNATIVE E)

{1n rupees)

Resource Secrial Commercial cost
tost cost
A. FIXED COST
f. Land 494288 563388 Fixed cost 7968363
2. Other fixed cost 15 per cent of fies 1195284
£os
a. Machinery and equipment 2236704 5144419
) Operating cost 1837856
b. Piping g3957¢ 1938897
T0TAL 2233140
t. Civil works
Quantity of water 1548000
{i)  Bricks 495102 1138734 used per year i.
(11)  Cement G43265 2215580 Buantity of water 748888
released per year ki,
{iii) Steel 1857695 2455785
Cost per kl. of 1.44
d. €lectrical equipasent 32328 1283371 water used
e, Installation I7I7iE 359551 Cost per kl. of 2.98
water released
TOTAL 6993447 15511645
B. OPERATING COST {(RONTHLY)
f. Labour
a, Skilled 6455 6453
b. Unskilled 4384 1838

2. Maintenance

_a,  0il 1588 2382
b. Repair 4572 4578

3. Chemicals 30075 45114
4. Fuel 32845 45124

TOTAL ANNUAL COST _ 958392 1266836




TABLE 13.1%
ESTIMATES OF COST OF POLLUTION ABATEMENT (PAPER AND PULP) PER KL. OF WATER USED AND RELEASED

ALTERNATIVE A

15 20
esowrce  Social Resowrce  Social
WATER USED
8.8 8.7 1.37 8.54 8.99 0.45 2.78 8.37 ﬁ764 8.3z .53
8.18 6.74 1.33 8.53 2.73 8.42 8.74 2.35 .68 8.29 8.51 1.25
.12 2.7 1.32 2.3 8.92 8.39 8.7t 8.32 8.3 8.27 8.48
WATER RELEASED
2.98 1.37 2.85 1.15 2,85 8.92 1.61 2.76 1.32 8.55 113
2.1 1,32 2.78 1.10 1,97 0.87 1,33 8.7t 1.25 .50 1.083 2.61

2.12 1,48 2.72 1.85 1,91 8.82 1.47 2.67 1.19 8.36 i.00
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TABLE 13.12
ESTIMATES OF COST OF POLLUTION ABATEMENT (PAPER AND PULP) PER KL. OF WATER USED AND RELEASED

ALTERNATIVE B

{Ir rupees!

Secgurcs RRISEY! “ecpurge aocial Sotiz:
30Tt cost i o3t cost Lo £os
WATER USED
g.28 8.78 1,34 8.58 .08 2.48 2.3@ 8.4! 8.5 8.35 8.57
2.8 B.74 1.78 3.56 8.94 .44 g.74 8.37 8.51 2.31 2.52
8.12 8.71 1.26 8.52 2.98 2.4! 8.78 8,23 8.37 8.27 8.43
WATER RELEASED

8.88 1.61 2.78 1.23 .86 1.08 1.64 8.84 {.37 B.72 1.18
g.18 1.54 2.69 RIS b 1.93 2.92 1.54 8.78 1.27 B.54 1.87

8.12 1.48 2,68 1.08 1.86 3.85 1.45 2.78 1,18 8.59 1.8@




TABLE 13.13

ESTINATES OF COST OF POLLUTION ABATENENT (PAPER AND PULP) PER KL. OF WATER USED AND RELEASED

ALTERNATIVE C
(In rupees)
Time (T} in Years -} ia 13 20 25 i
Social rate  Resowce Social Resmrce  Social Resaurce  Social  Reswrce  Social Resowre  Social Comercial
of Discount cost cost rost cost cost cost cost cost cost cost cost
WATER USED
#.88 1.05 1.85 8.7¢ 1.34 8.43 {.8b 8.52 2.87 .45 e.75
8.10 1.82 1.80 8.74 1.28 8.58 1.81 0.48 8.82 2.41 8.49 1.74
8.12 8.99 1.76 8.7¢ £.24 2.55 8.95 8.45 8.77 #.38 8.65
WATER RELEASED
g.88 217 1.83 1.38 2.78 1.29 2.19 1.8 .81 .93 1,55
8.1¢ I.1e 173 53 2.6 1.2 e t.oe L7 8.5 L I.e0

g.12 2.83 3.64 1,44 2.57 1,14 1.98 2.93 I-H 8.79 1.35




TABLE 13.14
ESTINATES OF COST OF POLLUTION ABATEMENT (PAPER AND PULP) PER KL. OF WATER USED AND RELEASED

ALTERNATIVE D

{In rupees)

Tige {7} in Years - 18 15 2@ 25 ki)
ocisl rete  Resource  Sorial  fesource  Socal Resource  Social  Resource  Social  Resowce  Social Comsercial
of Discount cost cost rost rost rost cost tost cost cost cost cost
WATER USED
8.8 8.5¢ £.94 8.4 g.7e 8.35 8.5 g.29 2.47 g.2% g.4a2
g.1@ 8.54 8.91 8.4 8.66 8.32 8.52 8.27 8.43 8.23 8.37 g.92
8.12 8.52 8.88 2.38 B.62 2.38 - 849 8.24 - 8,48 2.21 2.34
WATER RELEASED
.88 1,16 1,94 2.69 1.45 8.7z 1.16 8.68 8.97 8.3z 8.43
g.18 112 1,68 9.8z HIE B.66 1.88 2.5 8.8¢9 .42 2,72 1,91
2.1z 1.88 182 g.7¢9 130 B.&2 1.8l g.c8 8.oz 2,43 g7




TABLE 13.15
ESTIMATES OF COST OF POLLUTION ABATEMENT (PAPER AMD PULP) PER KL. OF WATER USED AND RELEASED

ALTERNATIVE E

(In rupees)

Tise {T) in Years -} 18 13 28 25 3@
Social rate .R;;;;;;;_-—.;;;;;;- R;;;;;;;_— Snc;;; Resource So;;;; R;;;;rce So;;;;- Resource ;;;;;; Comaercial
of Discount cost cost cost cost cost cost cost cost tost cost “cost
WATER USED

8.08 2.87 .35 .48 114 8.53 .92 3.44 8.75 8.23 B.54

8.i0 p.83 1.54 .41 1.88 a.49 8.85 2.4 8.78 3.34 8.59 {.44

8.12 8.08 1.46 8.58 1.04 8.43 8.80 8.37 .66 8.31 8.55

WATER RELEASED
p.e8 1.0 3.28 1.34 2.36 1.18 1.86 8.91 .39 8.79 1.32
8.18 1.72 3.12 1.26 2,23 1.81 1.73 .85 1.45 8.78 1.22 2.98

8.12 1.63 3.82 1.29 2.15 8.93 1.65 8.76 1.36 B.64 1.14




STEAM AND VOLATILE GASES
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W A TREATMENT ALTERNATIVE 1

NUTRIENTS
TREATED
COMBINED | EQUALISATION ANAEROBIC| | AERATED _| POLISHING WASTEWATER
WASTEWATER | TANK PST | Lae00N POND > QUALITY
LAGOON SS  30mg/l
20 days DT 4 days D.T. 3 days D.T. 80D 40 50mg/l
COD 1000 mg/1
FILTRATE
SLUDGE
DRYING [
BEDS
DRIED SLUDGE
W B: TREATMENT ALTERNATIVE II
NUTRIENT
l TREATED
COMBINED , JEQUALISATION AERATED POLISHING WASTEWATER
WATEWATER | TANK Psy L¥ POND ™ Quauty
LAGOON SS 50-60mg!l
¢ days DT 4 days D.T. 80D 30 50mgll
COD 1000  mg!
app FILTRATE
P - PUMP
SLUD6E ,_J PST - PRIMARY SETTLING Tanx
DRYING
BED
DRIED SLUDGE

FIGURE W WASTEWATER TREATMENT ALTERNATIVES FOR
132 AGRICULTURAL RESIDUE-BASED PAPER MILLS



W C: TREATMENT ALTERNAIIVE III

Ts 7T

HUTRIENT
TREATED
COMBINED | EQUALISATION | PST OXIDATION WASTEWATER
WASTEWATER TANK ' DITCH QUALITY
! : $S  20-30mg/i
i
1 : RETURN : lE((“"SS BOD 30"50!1’)9“
= COD 1000"mg/!
T ‘ SLUDGE '----~4‘5u;305 ™9
! ,
FILTRATE ! i
FILTRATE
DRIED SLLUGE DRIED SLUDGE
¥ D: TREATMENT ALTERNATIVE IV
HUTRIENT
TREATED
COMBNED ANAEROBIC AERATED POLISHING NASTEWATER
WASTEWATER | POND QUALITY
A ER LAGOON LAGOON UAL
55 30 mg/i
1. 4 D. T 4 d D.T.
25 days O days ays BOD 40-50 mgil
70D 1000 mght
WE. TREATMENT ALTERNAIIVE V
TREATED
EQUALISATION L& PsT AERATED WASTEWATER
WAS$%WATER. TANK QUALITY
LAGOON
T days DT 5SS 50-60mg/l
80D 30-50mgfi
COD 1000* mg/i
P - PUMP 1
H SLUDGE
- V] RYIN
S DB - SLUDGE DRYING BED ' - DRYING
P S T - PRIMARY SETTLING TANK BED
SST - SECONDARY SETTLING SLUDGE
TANK DRYING
BEDS
- DRIED SLUDGE
FILTRATE
\/

DRIED SLUDGE

FIGURE W WASTEWATER TREATMENT ALTERNATIVES FOR

132

w

~J

AGRICULTURAL RESIDUE- BASED PAPER MILLS
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CHFTER X1V

SGAR INDUSTRY

14.1 Introduction

Sugar i1s one of the significant agricultural procucts and
the industries processing sugas are,  therefors, vital o India’s
SCONOMmy . Even on the scale of world’s sugar production, India

ranks the foaurth.

The  water consumption in the sugar factories 1is
comparatively high. The impurities from cane  sugar  remalning
after the extraction of the sugar which flow down the drain are
mainly carbohydrate and btence sasily bicdegradable. Thee wastes
from sugar industry are highly putriscible and therefore tend to
depleté dissolved oxygen from  recelving  water Pt e whe

discharged into them. The s industry is a ses

@l industery
and the waste flow is mainly during & orushing  season, This
causes difficulty in emploving biological polluticonal abatement
systems which would otherwise remain very suitable +tor  treating

such wastes.

2D k1. of

water per day and releases 400 k1. of effluents per day.

14.2 Manufacturing Process

The two main processes of  manufacture of  sugar  are  a)

double aulphitation and b doable  carbonation  with  double

sulphitation. Figure 14.1 gives a  aeimplifiex] flow diagram of
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augar manufacture and generatii

In western coumby d st oriadtate by TR 1. of et

required per tonne of cane crus g day due to mechan i

harvesting where a lot of dirt, Lo grit, eto., 1is anoi

which has to be washed away. i Tia,  due to  manual o o

water reguirement 1S as low to 503 k1L per tonne o

crushed per day.

Denibile Salphitation Fro i

1z breated  with 1 dlies

and  sulphar  diowide (S05). Tz

and passed to the beat exchanges to radee its teoperature Lo The

is adiusted to meotyosl

boiling point. «

It dis ther sent for ol

Lrication  where the juios

clarified and then sent to multipls effect evaporators  and the

sediment from the clarifier apb uen filte

Car

filters. In vacuwm filter o pre woFilter,  the julce sl ds

taken as solid waste  andg the A1 Juiie i mivex] vl raw

juice before clarificaticm. T v fied juice conce tratedd

to  about 65 per cent solids Tron ool 15 pey cent solido oo fore

tering the first maltiple effect soator sencding v thes

first evaporator. Vaponrs frosn thee st evaporaltion are o to

ther  wecond  evaponator anc s o Spent steam from thes

evaporator le retuwrned to the boller T reuse as water o

Spent steam from the second and thicd evaporators ancd thes

Aaratonr

from e last Eha-ogt conncle

concentrated syrup  from  the e cator 18 agaln

paseing  sulphurdiosdde through angl the pfoof L

dowr to abxoat S.4. It is then b b vaouam

T o by

thickned syrup s bolled th

order to extract tl
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to deposit any additional sucrose content on the crystals. After
this, the comwercial sugar and lasses are separatsd in the

centrifuges.

Dovible Cartonation

-1 i adble Sulphitation — Juice iz reated

to S0°C to T5=C and the Mot Juice is mixed with lime and
concentrated simultaneously such that the p™ of the systen remains
at 10.5. During the process, @ thick precipitate of calcium
carbonate is obtained. By the process of absorpbion, 1t removes
inorganic émd organic impurities of the juice. Then the julce is
filtered through large filter presses or vacuam filters. The
treated juice, which has a p* of 9.8, is carbonated again with
carbondioxide till the g™ falls dows to 8.2 to 8.5.

During this process alsw, a thin precipitate i= obtained
which is filtered off. The clear juice at ' of 8.2 to 8.5 is
beated to about 70°C and sulphitation is done after which it is
sent to evaporators for further orocess.

The amount of sugar recovery, molasses and  bagasse

| production are given below in Table 14.1.

TABLE 14.1
SUGAR INDUSTRY ~ STATISTICS OF OPERATION

Particulars Range® Aver ane™
(Fer cent)

Sugar recovery A
Bagagge 362 - 457 & 4.0
Molasses 4,3
Fress mud

a. Double sulphitation D205 - 5.0

b. Double carbonation 8.1 ~ 10.0

Note: ¥ Expressed as percentage of cane crushed.
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The water used in sugar industry is of two types &) cold
water, and b) condensate hot water. The cold water is used as

make-up water, injection water to condensers, cooling water for

vario  accessories such as engines, crystallizers, eto. « Cold
maceration, Jjuice dilution, lime preparation, laboratory testing

and factory equipment cleariing.

The Cmdaimsatt=_' water 1s bot and it is used as boiler
feedback water, maceration, juice dilution, lime and sulphate
preparation, oliver wash, dilution, pan boiling, molasses
conditioning, centrifugals, magnz making, massecuite dilution,

etc. Sugarcane contains about 70 per cent water and during the

manufacturing of sugar, water iz added from outside for e:ltraction
Cand dilution. A1l the water is Lo be removed theoogh the process
of evaporation to get the @ogar

a media of teat.

W o owhiich steam s Lo e oused as

14.3 Effluent Treatment Methods

Soda and Acid Wastes — The beat exchangers and evaporators

are cleansd with caustic sods snd bydrochloric acid in order to
resnove the formation of the de s of scales on the surface of

bt

the tubings. Thee  washings  should  be stored and re o

usually factories relesse it into the drains, thereby wveolving a
lot of wastage and expenditire. - After the equipment 1s boiled
with caustic soda and rinsed with fresh water, 11. ig oleansd with
dilL,\tjsj hydirochloric acid using an inhibitor. The waste water is
discharged into the drains as the recovery of the chemicals may

not prove to be economical in this case.
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Excess Condensate ~ The condensate does not normally

contain  any pollutant and is used as boller feed water ad in the
washing operaticons. It may s happen  sometimes that 1t gets

contaminated with Jjuice due to entrainment or carry over of
solids with the vapours being condensed, in which case it goes
into waste water drain. The treatment required in this case is

almost negligible and water can directly be used for irrigation.

Condensor_cooling Water - Condensor cooling water is
recirculated wnless it gets contaminated with juice. The best way
is  to avoid entrainment and keep up pt of the water to 7.0 or 7.2
by adding lime and fresh water regularly, and the surplus overflow

can be used for land irrigation.

Sulphr and Lime Houses — The washings of sulphur and lime

house contain a considerable ancunt of inorganic solids which
include carbonates and sulphates. The effluents from these two
units, when combined, give neutral p value of waste. Thiz can be
characterized as inorganic waste and  does not contribute to

“organic pollution.

Rotary Filter Washings -~ The rotary filter is  washed

periodically  and this would contain considerable  amcurt  of
suspended solids. The waste contains both inorganic and  organic
matter.

Molasses — The concentrated boiled juice is converted into
the consistency of syrup. bugar 1s separated by crystallization
and  centrifuging and the f:w:.rt’l’:.c:;na liguor is molasses or mather
liguor., As such, it contains a significant cencentration of
uncrystal lized sugar and other orgaodc compounds.  The quantity of

molasses averages about 4.45 per cent of the cane crushed.



Molasses is the basic raw material for the productior

alcohol and many other organic compooncs

Even though mol

fully utilisable for getting valuable by - products, 1t 1e e

stored  in unlimed kutcha pilis, loading to serious groumo sater

contamination as it contains a hagh BOD.

resicdue of the  total

Bagasse — Bagasse forms
cane crushed. It is used mainly as a fuel in boilers for steam
generation. About 95 pef cent is consumed. as fuel. The remaining
9 per cent is sold to paper milis or cardboard manufacturing

units.

Fress Mud - Press mud of double - sulphitation process

contains valuable nutrients like rmitrogen, phosphorus,  potassiom,

etc. This is used mainly as organic sanure, and does not poss any

problem of disposal. The precs mad from double carbonaticm

process is used for land filling, and is not used as mamnuure,

Air pollution leads to problemss of cleaning, reducticn in

property value, effect on vegatation

oy

ren are giverr in Table 1452

Characteristics of w

while Table 14.7% gives characteristics of combined waste.

This 1f followed by baiolc a1 trestirent of  efflusnts in

sprcitale anct aeroblc action.

goons, on the principle of ans

This is shown in Figure 14.2 and Figure 14.75.

The MINGS standards for sunse anchistry aere gives in

14.4.



14.4 Cost Estimates of Follution Abatement

The total  inves
treating 400 k1. of waste cwoter per day is Rz 2.6 lakh at 1987-88

o pollution abatemernt plant for

prices., The operating cost ls Re 92,700 per annum.  The resowrce
cost and social cost  per kBl of water released is Fe Q.38 and Re

Q.69 lgiven e Q1R and bos TR vears.,



CHARACTERISTICS OF WASTE STREAMS

oy

Suspended

solids
lg.!l

£on
83./1

BOD
8g. /1

Plant/House
¥iiling plan®

fump cocling at milling
plant and at boiler house

Boiler blow-down
Beiling house
Evcess condensate
Sulphur house

Lige house

500-550

Q-5

58-1ed

4p8-528

3-18

Joea-4000

igaa-1oee

2ge-3ee

588-550

2000-3eee

258-308

Zee-259

TeR-1oee

oR-8@

Ig-4@

15680-2002

108-15¢

102-158

Ret.

M., Desertation on "Sugar Waste Treataent® by Mr. A. K. Mhackar.



TARE 14.3

CHARACTERISTICS OF COMBINED WASTE

Temperature in <O 340

P 4.6-6.0
Dissolved solid mg./] 10001200
Suspended solids mg./1 250
011 and Grease mg./1 10

COD mg./1 200000
BEOD mg./1 1@—15@@

Ref. M. E. Desertation on "Sugar Waste Treatment" of
M. A. F. Mhaskar.

TARLE 14.4

MINAS STANDARDS FOR SUGAR INDUSTRY

Characteristics , Parjameters

nd 6.9 to 8
BOD 102 mg. /1
TGS 100 mg./1

Oil and Grease 10 mg./1
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Here the costs of trestment of water are quite low as the

guarntity of water used iz guite large.

The commercial cost of o B, of water released worbs oot
to Fe 1.éd,

The cost flows are  gueen ap Table  14.5 0 and the

estimates sre given in Table 14

R St SR Y

14.5 Conclusion

k]

From the above discussion it can be seen that pollotion

cortrol measuwres are simple Aol cleap. But  if the  pedlotion

centrol  stardards are not adbeesod o, the water pollotion wall

cause ertensive damage te land,  ailr, etc.,  and thus redoo

s

condition and value of lamel zewd oy

by Follution of s«

{Esr

is dangero

s Fer marire Life anc

to contamimaticm o ddeasth

of fishes, algaes, and other orgers




TABLE 14.5
COST FLDWS FOR SUGAR INDUSTRY (AT 1987-88 PRICES)

{In rupees)

Resource Serial Commercial cost
..U SR
A. FIXED COST

e Land "247¢ 2816 Fixed tost 959496
2, Other fixed cost - 15 per cent of fixed cost 143924
a. Nachinery and eguipaent 298807 567016 fperating cost 9108
b, Piping 108752 250130 Total 236924
c. Civil works Guant%;y of water used per 9ge808
(1) Eriche RTTTL w0
fuantity of water released 144008
tii) Cement 125973 289742 per year (kl.}
{1i1) Steel 137502 116485 Cost of 1 k1. of water used 8.26
d. Electrical equipment 66992 154082 Cost of 1 k1. of water released 1.64
e. Installation 47853 110862
TOTAL 844100 1933567
B. OPERATING COST (NONTHLY)
1, Labour
3. Skilled 567 567
b, Unskilled | - 180 163
2. Maintenance
a. 0il 207 i
b. Repair 586 586
3. Chemicals 2720 1189
LR Fuels _ 2Tl RES
T0TAL

TOTAL (ANNUAL) 252 R
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TABLE 14,8
COST ESTIMATES OF SUBAR INDUSTRY PER KL. OF WATER

{In rupees!

Tige (T} 1n Years -215 28 25 Je

Social rate  Regsurce Social Recource Social Respurce Social Recource Cprial

of Discount cost cost cost cost cost cost cost cost

WATER USED
.08 2.12 8.2 2.2 2.1& 2,28 g,:4 p.e7 g1z
a,1¢ 8.11 .78 g.ee 2.is g.27 2,1l 3,8 g1
200 2.18 g.20 2.03 2.15 2.8 8.12 2.5 p.1e
WATER RELEASED

g.e8 8.73 1.34 8.59 1.83 8.49 8.87 2.42 2.74
g.18 8.69 1.29 8.55 1.88 8.45 g.82 2.18 2.69
2,32 8.66 1,25 2.5 2.96 2.4? 2.758 8.35 8.64

Commercial
cost

5

——
ore
£
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Condensate From Process

'y

GENERATION OF WASTY

SMPLIFIELD FLOW DIAGRAM OF SUGAR MANUFACTURE AND
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CHAFTER XV

MANHMADE FIBRE INDUSTRY

Mar-made fibre industoy consists of both syntihetic and.

seni-synthetic type. Synthetaics are made from synthesi=ed organic

polymers  and  semi-synthetics  fronm natural  polymer  (ile.,  of

vegetable origin) cellulos:s. There are 20 manufacturing wurits of
man—made fibre which are mainly concentrated im Gugjarat,

Maharashtra and Tamil MNacdh.

These wnits differ in the manufacturing pr'oéess .
wndertaken, raw materials used, {finished product produced and type

angd amount of effluent generated.

Mow  we proceed to discuss the manufachwring process in

brief.
Manufacturing Process

The manufacturing process of synthetic product likef'
polymide (nylon &) and polyester and semi-—synthetic prochact like

2 rayon are enunerated balows

viscose rayon and celluloses ac

Polymide (Nylon &)

Polymerisation: Main oras material  is  capgroloctum,  a

white flaky solid soluble in walsr, which bhas a melting pownt at

HE90, Folymerisation of caprolactun is carried out in

ztainless
steel cylinders at 24@0-270°0C in the presence of acetic acid, water :



.......

and a dulling agent, normally T, tolyvmerisation takes placs i

the cylinder and at the bottom of the oylinder, highly vais

molten polymer consisting of 8%-90 per cent of the polymer and (1

'8 per cent of the wnconverted caprolacitun gets collected. Mo ter

material is twmed into ribbons by sitrusion that passes throogh
cold water in cooler. The ribbon iz then cut in chips by cutter.

Chips are washed with demineralissd water at 60°C to remove

wnconverted caprolactum, It i=s centrifuged to remove the e

water and dried under reduced pressure at masimum 82°C in tumble
drier. The whole process is carriec cat in an inert atmosphers of
nitrogen to prevent odidation. Pher ey polymer chips  erre Lhen

sent to melt spimning secticn.

The water used in cooling  the ribons from estrocer

normally goes to waste constituting magor volume of effluent.

Melt Spinnding: The dry polymer chips are melted by
electrically heating to D260, The molten polymer is then fed
t o a spinning punp and filtered besors entering spinnerette which
is a special alloy steel disc with o jwsober of fine holes i ot
The molten polymer coming ot of spinnerette solidifies wohole

falling through a counter-current o cold  air. The yarm  this
: formed  is  subjected to stretohing., application of an anbistatic

tenctile yarn. The differen

:r-agcmt, etc., to make it suitable as

steps  in  the manufacturing of filosent nylon & are shown in o

chart (See Diagram 15.1).

Polyster

The basic raw materisals  arse dimethyl  terephethalste

(OMTY and ethylens glycol.
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T is conders with sithyiene ol

Folymesr

in reactor by Peating it where methyl alcobol 1s eliminated.

of the process is similar to polymide fibre.

arvd Desgginggy T 1e dermss on o somllar omanner s

I D

Viscose Rayon (Cellulose)

o raw material for

Faryon grade pilp 1s the b

production of rayon. | The manufactuwring process consists  of
steeping and ageing, xanthation or sulphidation, ripening and

filtration and spirning.

reeen at

sodium hydroxide at a temperaturs of 18-2290 for 30 to 99 minutes,
The steeped pulp is squeszed in hydraulic press to remove excess
alkali. Then it is subjected successively to breaking, shredding
and kneading operations to convert them in small bits called
‘crumb’ . The shedding operation is carried out in water cooled

tanks at 2ZZ2-Z7<C temperatwe for about one how. These crumbs are

subsequently aged by contact with air at for & to TR

bours.

Xanthation: The aged crumbs are put in huge, rotating
churn where carbon disulphide is added and it is churmed for =
hours. As xanthation reaction proceeds, the crumb changes colour
from yellow tD. orange and sodium cellulose xanthate in the form of
small balls is collected. It is emptied into a dissolver

containing caustic soda solution at 10=C. Titaniun dioxide is
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added to the solution to obtain i » owelution.

by

Ripening and Filtr

some solution  is cipened

for 23 days at 1990 in blendo . Fovpeare] solution ds F11 tared i

plate and it is deareated by sng o tanks for 1E

Featres

wdier vacuwm.

Spirning: The ripeved

spinning machine containing large rweber  of  spinning  beads.

ose solution is punped to the

Viscose emerges from the orifi

of the spinning nozzle into the

spimning bath to allow it to solidify into filament  varmn.

SGubztantial amount  of was

ver s generated in this seclion.

Thern it is centrifuged im hyoro ooty ore o remove  mousture,

dried in tunnel drier and rerunig

- oent

i bumidifier at &% @

relative  bumidity. The vi

2 ovart 1s then classid into

grades and mounted into condl

wne for delivery to weaving

mills (See Diagram 195,2).
Cellulose Acetate Rayon

Mairi  raw  materials s cotton linters and weosd palp.

nlike in viscose rayon case, oollolc acetate is manufactured by

converting cellulose into chenicsd compound of celluwlose which  is

then dissolved 1n a suital

and spun by evaporating the

solvent.
Waste Water Generation and Characteristic

w0 discharged varies  depending

The quantity of waste w
oo the size of the unit, its production, availability of water and

avrged

stice, the uwnit which di

In synthetic fibre o

Towest volume of effluent econont o the cooling water reouired

e solidity the  ribhone  fron o eosoniise
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circular cooling. Among the ravon units, those which produce
their rayon palp in integrated plant contribute a larger volume of
effluent. The average waste water discharged by nylon polyester
plants and viscose rayon plantz are 37,400 gallons/tonne and

2,64,0M gallon/tonne respectively.

The waste water characteristics of nylon  and polyester
plants are given in Tabie .01,
TARLE 15.1

WASTE WATER CHARACTERISTICS

Effluent from

Farameters ‘ Ny Lon Folyester
plant plant

Temperature <C %% e

P . 7.25 8.55
-Total solids, mg./1 1388 ) 1736

Total dissolved solids, ma./1 1352 1542

EOD, S days, 20°C, mg./1 619 o=

Volatile solids, mg./1 334 R

oD, mg./1 1439 1680

Alkalinity (Calex)mg. ] A I

The viscose plants’ waste are much larger in volume and have
grater pollution load than other fibre units. The souwrces of waste are

alkaline waste from viscose production process, acid waste from spinning

machine, neutral wastes  from further washing of fibwres, and cooling

water from acid evaporators. 8 per cent of total quantity of
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concentrated effluent is generated during fibre spinning and finishing
process and is discharged principally from washers. The wastes contain
mainly waste fibre, zinc sulphate, sulphuaric acid and several sodium
chemicals. fAmong the pollutants, zinc ranks highest because of its
toxicity to acguatic life. arowsd 595 per cent of the input zine is
discharged with the effluent (Sse Table 15.2 for waste water
characteristics).
TARLE 15.2
WASTE WATER CHARACTERISTICS OF A VISCDSE RAYON PLANT
(NOT INTEGRATED)

Faramneter

pb-l =

TSS 100 mg. /1

! I doy g e
LR AR IR A I T

e

L e LI

chareg, thickening and de Cargy. Ty

OQreass,
oil, etc. Average waste discharged and waste water characteristics from
T

plp making process is glven in Table 1503,



TARLE 15.3

AVERAGE WASTE WATER DISCHARGE AMD CHARACTERISTICS IN FLLFP MILL

- Type of Frocess Gallon/ HOD Suspesnded solids
tonne: (mga./1) (mg./1)
Sulphate (Kraft) 9 D 1273 -
Sulphite R O aaE: -
Soda 77,0 129 R

Effluent Standard

Minimum  national standards (MINAS)  for Synthetic Fibr’e
Industry are ' '

Synthetic Fibre Industry

Farameters C(:wnc:‘(-:«ntr"«:d:iunq mCl./1
not to excesd

o 5.9 to 9

Suspended solid 123

Biochemical Oxygen Demand (BOD) ()

(20C, 5 day)
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Semi-Synthetic Fibre Industry

Parameters Concentration, mi./1
' not to enceed
L4 5.5 to 9
SNuspended solids 100
. Biochemical Oxygen Demand . 7))
--{20°C, 5 day)
Zinc 1

’ Pplluum Abatement Measures

The effluents generated from nylon 6 and polyester plants do -
not contain much pollutants since most of the chemicals are recovered. @
The normal methods of treatment based on extended aeration are found to .
“be quite effective in treatig these effluents. The various parameters ' -~
-in the effluents are brought to acceptable limits by secondary treatment
mly. The method of extended aeration by'oxidation pond removes nearly .
W—% per cent of the BOD and COD content of the effluent.
As mentioned earlier in viscose raycn ‘mill the presence of
z,mc poses a serious threat to aquatic life. There are different
.methods of removing zinc from effluents. The" most common method is
;;(:'_hemical precipitation by the adjustment of pH. ‘It is described in
‘brief. ' T

It is a two-stage precipitation. In the first stage .
sufficient lime is added to the mixed stream of acid and alkali waste to !
raise the p™ to 6.0, No zinc hydroside precipitates and the clear |
averflc:w from a clarifier contains the dissolved zinc. This dissolved “ -
z:mc is contacted with a cu'culatznq stream of  previously precipitated @
‘zinc hydroxide sludge. The bulk of zinc precipitates on to the e lstlng -

: crystals in the circular slurry, mﬂd is collected. :

R In several, cases effluent treatment in a rayon plant wlth:u
recovery of zinc is done in the following process. . Acidic and alkaline
str‘eams are neutralised. In the next a single stage precipitation wil
lime is done followed by biological treatment m oxidation ditch. I
the end the sludge is disposed in the land.



Cost Estimates

Cost of pollution abatseert iz estimated using methodology
described in earlier Chapters. Table 9.4 and Table 15.5 gives the cost
flow of pollution abatement for two man-made fibre plants with 22 TPD
and 7.2 TFD capacity respectively.

_ Table 15.4 (22 TFD) sbhowes
of pollution abatement per k1. of w
B.095 respectively when rate of disoo
T =10 years.

that resource cost and social cost
orelessed is Rs B.G and R
wmt, o= 0,10 and  time  period,

Table 15.89 (7.2 TFD) wat resowrce cost and social
cost of pollution abatement per k1. : " released is Re 0,14 and Rs
.21 respectively for the same r and T which is larger than that of the
plant with higher TFD capacity.

Conclusion

In the foregoing discusszion we have seen that most of  the
plants  in man-made fibre industry employ some kind of chemical recovery
method.  To reach required effluent treatment standard they have to only
upgrade and add some capital equipme The technologies required are
already available. A matter of concern among semi-synthetic wnits is
that they allow zinc to be passed on to rivers along with  was water.
It is literally throwing hard-esrmed foreign-exchange, since zinc is
mostly imported; down the river. Ditferent estiates show that zinc
recovery treatment from effluents in itself is a profitable proposition
Afor the semi-synthetic plants. Lewer  cost of  pollution  abatement
measures  for  man-made  fibre also gets reflected in lower resowrce and
social cost of per kl. of water as compared to other industries.




TABLE 15.4

COST FLOW OF MAN-MADE FIBRE (22 TPD)

(In rupees}

Resource Sacial Comsercial cost
cost cost
A, FIYED COST
{. tand 3sp0e 399000 Fixed cost 2845808
2, * Other fixed cost 2281324 5863046 13 per cent of 426878
. fixed cost
a. Machinery equipaent 736302 1739497
Operating cost 995108
b. Piping 283614 852312
Total 1421978
C. Civil works
, _ Quantity of water 18281758
(i) Bricks 174532 421474 released per year ki.
{i1)  Cement 3283529 735417 Cost of { kl. of 8.139
water released
{iii}  Steel 358850 825355
d.. Electrical equipaent 174786 491824
e. Installation 124798 287817
TOTAL 2551324 54562846
B. DPERATING COST (MONTHLY)
{. Labour
a. Skilled Bedd Bo4@
b. Unskilled 5768 2477

2. HMaintenance

a. 0il : 541 812
b, Repair 1529 1529
3. Chemicals 29317 43976
4, Fuel : 31512 41266

TOTAL ANNUAL COST 927588 1208408




TABLE 15.3

COST FLOW OF MAN-MADE FIBRE (CAPACITY 7.2 T/DAY)

(In rupees)

Resource Social Commercial cost -
cost cost :
A, FIXED COST
. Land 2508808 285008 Fixed cost 2139088
2. Other fixed cost 15 ger cent of fixed B 32085¢
£os oo o
a, Hachinery equipment 572425 131463578 .
Operating cost TA4p0t
b, Piping 214659 493716 : :
Total - 1864850
. Civil works o S
‘ ’ Quantity of water . 3339758
{i}  Bricks 127295 292572 released per year kty’ o
(ii) Ceaent 248653 571987 Cost of 1 kl. of 8.3t
, water released
{iii}  Steel 271683 624687
d.  Electrical equipsent 132230 304129
e.  Installation 94459 27235
TOTAL 1911227 4193824
B. OPERATING COST (MONTHLY)
{. Labour
a. Skilled b448 6448
b. Uinskilled 4299 1849
2. HMaintenance
a. 0il 419 6135
b, Repair 1157 t157
3. Cheaicals 21919 32879
4, Fuel 23560 32348
TOTAL ANNUAL COST 693516 983552




TABLE 13.6

ESTIMATES OF COST OF POLLUTION ABATEMENT OF MAN-MADE FIBRE (AT 1987-88 PRICES)

{22 TPD CAPACITY)
{In rupees)

Tise (T} in Years - 13 13 28 23 38

Social rate fesource  Sotisl  fesowrce  Social  Reswrce  Social et Sorisl  Resowce Social  Comercisl

of Discount cost cost cost cost cost cost cost cost cast cost cast
£.83 d.22: 8,132 2.8:% 2,12d 2.2%7 3.83s 3.847 2,272 2.843 8.842
8.18 2.281 B.135 2,863 28.894 8.25! 8.877 2.843 8,845 8.837 8.85% 8.4
8.12 2.275 8.120 2.857 8.829 8.846 8.87t 8.838 2.858 8.833 8,039




TABLE 15.7

ESTINATES OF COST OF POLLUTION ABATEMENT OF MAN-MADE FIBRE (AT 1977-88 PRICES)
(7.2 TPD CAPACITY)

{In rupees)

Tise (T} in Years -3 10 15 28 25 38
social rate  Reswrce  Social  Resmrce Socisl  fesawrce  Social feswrce  Soctal  Resowce  Social  Cosmercial
of Discount tost cost cost tost tost cost cost cost cost cost cost
8.88 8.194 8.384 8.157 8.237 8.130 8.194 8.111 8.164 8.897 8.143
8.18 8.185 8,289 8.143 8.219 8.117 8.178 8.898 8.148 8.0884 8.124 8.31
#.276 8.132  8.285 8.185 8.162 8.888 8.134 8.875 . 8.113

8.12 8175




FLOW DIAGRAM FOR_THE

NYLON 6 WITH MATERIAL

MANUFACTURE OF
BALANCE

(ALL QUANTITIES IN WEIGHT UNITS, KG/ TONNE PRODUXT)

ACETIC ACID
12 K6

HP : 330 KG
10, r 8KG

|

CAPROLACTAM 120
ACETIC A0 12

8
330

CUTTER

EEI’ CAPROLACTAM
150 K6
90 + VOKG
RECOVERED
MONOMER
DEMINERALISED
HOT WATER
3500 KG
MULTISTAGE BATCH POLYMER
| OR CONTINUOUS CHIPS
CENTRIFUGE COUNTER CURRENT 1249 KG
WASHING 80°C
 EXCESS \y WASHINGS
WATER

COLO DM WATER
100 000

EXTRUOER

TO EFFLUENT M0 100 000
AT 30°TO 3S°C

M3 POLYMER
130 MONOMER « OLIGOMERS

OIAGRAN -~ 1571

———> H,0 VAPOURS TO CONDENSER

330

(<]

POLYMER CHIP 1119 KG Y 3150 KG Hp0
A MG : ¥ KG 130 K6 MONOMER + OLIGOMER 10 RECOVERY <£CTION .
. 7
STEAM
T SPINNING
TUMBLE MELT P POLYMER 0:TIONING
. ORAWING CON
DRIER  85°C TWISTING 1000 KG
../, SPINNING AND MECHANICAL
STEAM 105S = N9KG (0X)
HO 3150
MONOMER BECOVERY  SECTION ‘TO CONDENSER
90 - 100 g
LOW PRESSURE 130 MONOMER MULTWLE EFFECT
MONOMER RECOVERED DISTH : ATHN < + OLIGOMERS € VAPORATOR

AND RECYCLED

l"——) 30 OLIGOM
RE JECT

ER

CTED

———d
4

130 MONOMER . OLIGOMERS
3150 WATER

1

98
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WAT §

M 872

FLOW SHEET FOR THE MANUFACTURE OF VISCOSE RAYO
{ ALL QU ANT I TILES I N WEIGHT UN I T S, KG/TONNE FINISHED PRODUCT)
MAKE UP NaOH [ NaOH 285
rooH g0 307 |MO mo}
2 275 NoOH ,
17-20% NaOH €Sy (10% OF THE
WT.OF CRUMBS) N0,
STEEP LYE VACUUM ¢
18°C-22°¢C SHREDDING XANTHATION DISSOLVER
?;ESOP’NG 2-27°¢ 3 HR «-5 HR
Z90M !
INUTE VMR . XAr:IaALEo XANTHATE 1600
YELLOW (YE LY ] NaOH 760
PRESS YE J MOOH 280 SODA CELLULOSE W40 H30 9700
M)l 100D NoOH 250
1
" 33'72—8 BLENDER
R % DIALYSER —> —0-
:‘2’3“ éggjuoomu.m NaOH Sotution ) |
BLACK LYE
10 WASTE S,
NQOH 23 » ME M1 SILER
177107 WATER WASHING TORRI —_—
i2 DESULPHURISING 8% No.SD, | “
3 DESULPHUR WASHING < SPINBATH OF AERATOR
4 BLEACHING SOLUTICN
S ANVICHLOR W InsC,
6 ANTICHLOR WASHING MgSC, |
[T FIN'SHING —
1 RS H
! i 2-3 DAYS
— : PINNIN
- AFTER TREATMENS _ SPINNING DE AERATOR FILTER 19° ¢
: : \ B -8 C RIPENING
o6 ST 3 —
. g 10 DRAIN L*SPEN’ BATH > FILTER WASH
EY N A PARTLY RELCVERED 10 DRAIN
s T PARTLY DRANEL
o0 2
N J S -{ I
SN I R
- T P | Q II
w7 . ) -
e annE HUMIDIFIER ggg'&‘& ) L MARKE! g
g



CHAFPTER XVI

MUINICIPAL WATER SUFFLY @ TWO CASE STUDIES

XVIA. EKANFAUR JAL SANGTHAN, FKANPALR

16.1 Introdsction?

Fanpur Jal  Sansthan  is  the biggest water supplving

system of Uttar Pradesh. The water works was established i the
| year 1892 with a designed capacity of 15.14 million litres per day
to serve a population of about 2 lakle. The souwrce of water was
river Ganga and the Banga water was pumped from Bhaironghat raw
water pumping station, about two kilometers awa? from Benajhabar
 treatment wori:s. The pumping plants were steam engine driven.

Electrification of Kanpur water works was done in the year 1927.

Augmentation of water supply by Jal Sansthan was done on
S a piecemeal basis. Major re-organisation programmes were carried
. out during 1935742, 19515, 197781, The first two e
.Drganisaticn programnes  mainly included installation of zonal
Cpumping  stations and mechanical  filter plants of ncreased
capacity. During 1977-81 major achievement of re-organisation
“scheme was installation of tubewells to supplement suwface water
supply and expansion in number as well capacity of zonal munping

- stations.

This Section draws beavily from a paper presented by Moo
Jal Sansthan, titled "A Case & for Frevention of klas
of Drinking Water".

ol
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o At present daily water supply bty Jal Sansthan, Fanpur is
aixut D million litres per day (mlad).  Surface water is treated
and supplied to 26 zonal pumping statices from a central plant at
Benajhabar. To supplement this water supply, 46 tubewells are
wqu:ing. While a few of them are directly comnected to the
distribution system, the remaining supply water either to the
elevated tanks or semi-sunk reservoirs. fach zonal pumping statiom
has a separate distribution system. Details about distribution

system are as follcows:

1. Length of distribution mains QA3 b,
200 Number of metered connections 44,193

upto J1-8-88

S Numbetr of unmetered connections 8,32

4, Number of public stand-posts 2,80%

5.  Number of properties billed 70,000
for water and sewerage tax

6. - Number of fire hydrants 68579

FPopulation assessed in 1988 in Fanpar is 2.28@0.million.
Considering 27@ litres of water as per capita per day demand, the
daily water demand works out to be &07.5 mld. acjainst current
supply of 208 mld. The Uttar Pradesh Urban Development Froject
(U.F.U.D.F.)  which  is under progress, stipulates for increasing
water supply by only 110 mld. Ever if rowth  in population  in
l*iial")p_ll" remains unchanged increase in watse supply by 110 mld. will
not be a significant contribution. Another factor which affects
the effective water supply is wastage of water due to  leakage in
the‘ distribution system. Anual  balaoce  sheets  of Eanpar Jal

Sansthan bave shown waccounted amounts  of  water  in different



years as given below:

Year Unacoourted water as per cent
of total water supply.

198617 2.3

198788 45.95

1968889 I9.67

Leakage of water not only affects effective water supply
Cand revenue of Jal Sansthan but sleo causes contamination of

water.
16.2 Cost of Production and Supply of Water

It is mentioned earlisr that Fanpur Jdal Sansthan has a
raw water treatment plant at Benajhabar and 26 pumping stations at
Cvarious places in Eanpur. Besides thisz, it also has a supply
- network through which water is supplied to bouseholds. To estimate
the cost of production and suppl y‘ of water, data on fixed and
operating expenditure of Jal Sansthan was r‘equirgd. The data is
made available by Jal Sansthan in & reply to questionnaire. Wheen
we approached them, the data on fixsd assets was available only

upto 1986-87. The value of net fixe

assets on Ilst March 1987 has

been taken as fixed investment made upto 1986-87. It is assomexd

that fixed assets available to Jal Sansthan on 31.725.1987  have a
life time of minimun 195 years. Tre sethod followed for estimation
of cost of water is the same as mentioned in Chapter 4. The cost
estimates are presented in Table 1é6.1. For Jal Sansthar, th(—;;

resource cost of water worked out to be

20 paise while commercial

{

cost of water is higher than rescurcs cost by 2 paise, when =@, 10
and T=13 years. The social cost of production and supply of water

is about 29 paise.
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16.3 Sewage Treatment

With the inorsaese in population of  Eanpur water iz
becoming increasingly  polluted. Both domestic and  industrial
e,ffluents contribute to this. Howevse, contribution of  domestic
e_f.fluawts is 70 per cent while industrial effluents contribute

cnly D per cent.

N In Fanpur, sewage services are supplied by Eanpur
M.,u__n“icipal Corporation but the operation and maintenance of SEwWage:

services is looked after by Jal Sansthan.

Domestic effluent 1is usually discharged into sewage
wherever this service is available. In addition to this, a major
portion of industrial liguid effluent 1¢ also discharged irto
sewage which is finally dumped into the srvironment. Besides this,
there are a large number of industrial wiits which discharge their
Lnﬁreated effluents directly into the river Ganga. As yet Fanpur

does not have a sewage treatment plant.

The Central Ganga Authority has undertaken a programne

o

of pollution control of the river Ganga.® The project comprises

of a nunber of programmes related to environment. Some of them are
integration of sewage and storm water drainage, treatment of
‘danestic and industrial waste water and management of solid waste.
Kanpur is one of the cities where this project is in progress. In
Kanpur the project has, so far, concentrated its activities in the

Jajman area, which includes an industrial zone with tanneries and

. See Mass, J.A.W., Indo-Duch Ervircnmental and  Sanitary
Engineering Froject, Civic Affairs, fogust, 1988.




glue factories. The tanneries wse large amount of  water  for
washing of hides and processing of leather. The waste water is
discharged outside the factory, mostly without any treatment and
it eventually meets the river Ganga. Besides this, living
conditions in the area are poor with inadequate sanitary

. facilities and overcrowding. Domestic effluent is discharged into

B - Futcha open drains which eventually meets the Ganges.

Therefore, in this project besides sewage and other low

cost sanitation facilities, seage  treatment  plant 1s also
- envisaged., It is planned to treat 25 mld of sewage by an upflow
. Anacrobic Sludge Blanket (LWSE) treatment system. The first phase
B of the project includes construction and operation of an UASE

module for treatment of the domestic sewage in Kanpur. This module

'. will treat D500 Kl/day of sewage. The work on this scheme is in

progress.  fAnother scheme on which the work is going on is a plant
for chromiun recovery from tarnery waste product and a pilot UASE
- reactor for the treatment of tanrery effluent. It is  envisaged
- that all the waste water is Jajmau area will ultimately tx treated
in UASE type plants. Estimated cost of UASE (25 mld) sewage
treatment plant including S mld. pilot plant is Rs 262.47  lakbs.

- During the year 1988-87, Rs. 54.46 lakbs have been invested. The

. executing agency of this project is Jal Nigam. Other two projects,

namely, UASE pilot plant for tannery waste water treatment and
“ chromium recovery pilot plant are also executed by Jal Nigam.
Their estimated costs are Rs 11.67 lakhs and Rs 5.71 lakts
respectively. Due to unavailability of data on operation costs of
- the above plants and also on quantity of effluents proposed to be
treated in  both tannery waste water treatment plant and chromium
recovery plant it is not pessible to estimaté the cost of

treatment per unit of effluent.



Estimats of Resource Cost, Social Cost and Cosmercial Cost of Pollution Abatement
Per Unit of Water Used (J.K. Cotton Nilis)

TABLE J6-1
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{In Rupees)

Tiee(T) in Years -} 13 28 25 38

Social Resource Social Cosser- Resource Social Comaer- Resource Social Comser- Resource Social Coamer- Cosser-
Discount cost cost cial cost cost cial rost cost cial cost cost cial cial
Rate rost cost rost cost cost
11

p.28 8.242 8.35 8.258 8.28 8.28 8.21 8.17 8.23 g.18 2.15 8.2¢ 8.1

8.19 8.223 . 8.238 .18 8.25 8.19 8.15 8.21 g.18 8.13 8.18 8.1

8.12 g8.21 8.38 8.22 8.16 8.23 8.17 3.136 8.19 8.145 g.11 8.1 8.1
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XVIB. MADRAS METRO WATER SUPFLY

16.1 Introduction

The Madras Metropolitan Water Supply and Sewerage Board
(Metrowater) caters to the water requirements of Madras city a.nd
surrounding areas. It has six area offices and three regional
offices. It supplies a total of 331 million litres of water per‘

day to the city.

Metrowater uses swrface storage lakes and ground  water
(deep tubewells) as raw water which is chemically treated before

being supplied to the consunErs.
16.2 Production of Water

Metrowater supplies a total of 31 million litres of
water per day (mld). Of this 270 mld is supplied for dorestic use.
17 mld is supplied for non-domestic use and 54 mld is supplied for

industrial use.

Metrowater has ass

Czoworth Rs 9788 lakbhe which includes
contributions from the government and the public. The maintenance
cost is Re 1748 lakhs. o also operates a sewelrage treatment
plant which has a fixed cost of Rs 1970 lakhs and annual operation
cost of Rs 190 lakhs.

The water rates charged for different categories on a

monthly basis are given in Table 16.2.



TARLE 16.2 ¢

WATER TARIFF FOR DIFFERENT CATEGORIES (METROWATER)

Category LA k1) Fate

()

1. Dorestic & - S 1.2
abw 5 2.0
2. Non-domestic a - oLt 3.
e 4.0
Al LD 5 U

.

Zo Industrial Frear 421, 7

A wniform rate of 20 e cent is charged as sewerage
surcharge for all categories. Metrowater gives a free allowance
upto 7@ k1. But  at present, due to the recent drought, 1t is
charging a flat rate of Rs 12.0¢ per connection.  Table 16070 gives
the incoms of  metrowater  from varlons  sources  whils Vable
16.4 gives 1ncome from Lades. From this, we can  conclucdse that

ramareration from industrial comnections form balk of  the noore

of metrowater at  Sé o cent. This is followed by dncoms from

public aunthorities at 146 per st



TAME 16.73

SCHEDULE SHOMWING INCOME OF METROWATER FROM

VARIOUS SOURCES
(1986~87)

(In rupees)

296

Source

Income in

percentans)

Metered -
Metered -
Metered -
Metered -

Metered -
fountains

Metered -

Metered

domestic

commercial
industrial

public authorities

supply through puatlic

non-residential

other than domestic

Mobile water supply to private

customers
Mobile water supply to sluaes

Miscellaneous water supply

TOTAL

10.@




TARLE 16.4
INCOME FROM TAX IN 198667
METROWATER
Source Income (in
percentage)
Water tax 21.5
Sevierage tax 785
TOTAL 100, 20

Tt:e resource cost and social cost of one kl. of water
produced is Rs @.77 and Re 1.17%, respectively for r = 2.10 and t
= 70 years. The commercial cost of one kl of water produced is Rs
2.50. :

16.3 Conclusion

From the above analvsis, it is seen that 54 per cent.

of the sale proceeds of metrowater are obtained from industries.



TABLE 16.5

COST FLOWS OF HADRAS METROHATER
(In rupees) .

Resource Social Commercial cost
gost cost
A. FIXED COST
1. Machinery and equipaent Fixed cost - bb6B526208
a. Pipe 149258210 322573483 13 per cent of fixed cost _ 188278900
b.  Puap 497482514 937209782 Operating cost ' 174200020
£. Fittings 78743491 162718829 TOTAL 274478900
2. Construction
a. Cement 44991715 183272795 Buantity of water used - 189865008
per year kl. '
b, Bricks 21837374 38223948 . _
Cost of per kl. of water . 2,58
c. Steel 46626168 107248186 used
3. Labour 199548200 85810889
TOTAL 931400972 1683234233

B. OPERATING COST {(MONTHLY)

{. Mainteuance cost

a. Dil 8234127 12351199
k. Repair 21240000 23240000
2, Ffuel 127000200 174371000
;. Labour 14000800 60200800

T0TAL 172474127 215982198




TABLE 16.6

ESTIMATES OF COST OF POLLUTION ABATEMENT OF MADRAS METROWATER
PER KL OF WATER USED

2929

Time (T) in Years -7 15 20 5 38

Social Rate R;;;;r.c.;"";;;i‘;lﬂ R;;;;;c-; ~~~~~ t-“-,c;c-:a— :L—wc-e ————— S-m_c-;;; l;;;;;;;; ---------- Commercial

of Discount tost tost cost ost cost tost cost cost
8.88 147 2,15 1.19 1,73 L0 1.45 .87 25
8.10 1.36 2.81 1.09 1.68 8.9t 1.33 8.77 A3 2,50
.12 1.28 .91 1.00 1.49 2.8z L 8.70 .04
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CHAFTER XVII
RECOMMENDATIONG AND CONCLUSIONS
17.1 Differential F’ollgtim Taves on Industries
The detailed studies of different industries in Chapters

V - X suggest that the cost of treatment of a Kl.. of polluted

water varies across the incustries, given the MINAS. Table 17.1

provides the estimates of resowce cost of treating & ..  of

residual water for distilleries, tarneries, tentiles,

fertilizers, vegetable  oils, man-made - fibres, retineries,
chemicals and paper and  pelp. As  expected, these estimates
differ significantly across the industries, mainly because of the
fact that the quantity and nature of pollutants in a kL. of
residual water vary from industry to industry. Therefore, recovery
of full cost of providing the services for treatment of residual
water by the pollution control boards would imply a  differential

schedule of pollution taves on industries.

Altermatively, it may be possible to express pollution
loads in the residual waters of different industriss in  the
homogenous  units. There are attempts to express industrial
pollution in population equivalent units. For example, defining
population equivalent uwnit as  the pollution load in the waste

waters from domestic use of water by a person or a group of

prpruors, e may e dn the posotion o comvert pollution loads in

the residual  waters of  oifferent  dncdustries  into  popalation

equivalent wrmits., Giver  The sstimates  of  marginal  cost of

pollution  abatement per popeddation  egquivalent  wnit  of  water
%

pollution, & wdform pollobios tas per population equivaleot wndt

on the  Andustries may  be reguired o achieve FIMAS.,  With thwe
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TARLE 17.1

ESTIMATES OF POLLUTION ABATEMENT COSTS FOR
VARIOUS INDUSTRIES (Rs.)

Mame of the Industry

Social Cormimesr:1al
Cost Corst

1. Distilleries & 12.12 25,18

2. Cotton textiles Y 4.42

Z. Fertilizers 615 6.5 0 -
4. Vegetable oils 4.4 8.19 19,57
5. Man-made fabrics D% 2.254 1.7
6. 0il refineries @61 1.14 2.61
7. Clemicals @.74 1.24 2.21
8. Sugar Q.7 Q.69 1.64
9. Faper and pulp @.41 @.69 R A

18, Gun and shell products @.4a1 @2.59 - @

11, Tamneries @98 1.63

¥ Pertains only to the situation of primary treatment of effluents

assunption of increasing marginal cost of pollution abatement, a

tar based on marginal cost will dnduce the industries to gpend on
pollution abatement to achieve FURSG., Howaver, it may not be
possible to express umambiguously the pollution loads of different
industries in population equivalent units. It is because many
water borne pollutants are not  common to residual waters from
domestic and industrial uses of waler. The population equivalent
wnits may be defined for the wabter borne pollutants like suspended
snlids, HOD, COD, etc., which see common for domestic  and
industrial waste waters. Howe vz, waler borme industrial waters
may consist of toxic chemicals, like chromium, mercury, lignin

etc. which may not be expressible in population egquivalent wnits.

The Taxes-Standards approach described in Chapters  T1
requires that pollution taxes should  be based on the marginal

rollution abaterent costs of  the industries or  the marginal
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damages to receiving industries, the estimation of which requires
the estimates of cost functions of pollution abatement  for
different industries. Due to paucity of data for the industrial
units surveyed, we have not attempted the estimation of these
functions in this study. However, o estimates of resouwrce cost
of pollution abatement reported in Table 17.1 may be regarded as
costs per L. of residual water for the cost minimising incdustrial
wnits to obtain  the envirommental standards. It may be asswned
that given the taxes—standards approach, a rational firm may be
minimising the pollution abatens=nt cost to achieve the standards.
Given the properties of cost functions, the minimised average cost
(cost per Kl.. of residual water) iz equal to marginal cost of
pollution abatement. Thus by levying pollution taxes on the basis
of minimun average cost of pollution control, we are in fact
levying taxes on the basis of marginal abatement costs as required

by the taxes—standards approach.

The ‘estimates of pollution abatement cost pev KL of
residual water for different industries given in Table 17.1
provide guidance as to what can be the pollution tases on the
respective industries so  thalt they are induced to  spend on

pollution abatement to realise the MINAS.
17.2 What should be the Frice of Water for Industrial Uses

The price of walter for industrial uses should cover
both the private as well as social cost of water, the methods of
estimation of which are described in Chapter III. The private
cost is cost to the user (production cost cﬁ water) while the
social cost  is cost to the sooiety (damages from water pollution
to the society). The price that government charges for industrial

uses of water depends upon the zource of water. If the factory
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uses municipal water, the price charged by the municipality shoald
include production cost as well as pollution abatement cost of
using water. On the other hand, 1f the factory uses its oesi tube
well, the price that the municipality/government charges should
consist only of pollution abatement cost. In both the situations,
the polliution abatement costs can be recovered by the govermment
through the pollution taxes that are designed to realise the
prespecified environmental standards. If the pollution tases are
collected by the municipality as part of the price of water, they
have to be fixed on the basis of per FL of water used. Howservesr
for practical purposes, it may be useful to separate the problem
of charging cost of supply of water from the problem of fixing the
pollution taxes. The pollution taxes may be based on  pollution
loads of different industries and pollution 'standards and they
have to be fixed on the basis of per kL of residual water or per
population equivalent wnit. The Central and Stéte pollution
control boards have the responsibility of designing and collecting
these taves.

In the dry regions, water conservation by the
Cindustries may be promoted through pricing policy of water. The
rec?cling and rw;s,e of water by the industries may involve
relatively higher cost of treatment than the pollution abatement
T cost to meet environmental standards. Therefore, the pollution
taxes to induce factories to observe water conservation may be
higher than the taxes needed to achieve environmental standards.
As an illustration let ués consider two case studies of fertilizer

plants made in Chapter VII: IEL Limited, Fanpur and Zuari fgro-

" Chemicals, Goa. Table 17.2 gives the estimates of commercial and

resource costs of treating a FL of residual water for the two
factories. For IEL Limited and Zuari Agro the commercial costs

" are respectively Rs.7.16 per KL while the resouwrce costs are

I
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Re.1.76 and Rs.8.24. IEL Limited being a factory located in water
abundant Gangetic basin, doss not observe water conservation and
it treats residual water to meet only pollution standards.  On the
other hand, due to limited availability of potable water, Zuari
Agro Chemicals incurs considerably higher cost in the treatirent of

residual water so that it is recycled in the factory.
TARLE 17.2
ESTIMATES OF COMERCIAL AND RESOLRCE COSTS FOR

TREATING A KL OF RESIDUAL. WATER WITH AND
WITHOUT WATER CONSERVATION

Factory Commercial Cost Reszowce Cost
(R, ) {fe . )

IEL LTD Tule 1.76

Zuari Agro Y 8.2

17.3  Water Conservation by the Factories

Thes conservation of  water by the industrial units

depends upont the supply price of aster., If‘ the production cost of

water is very high, the factoriesz have the incentive to recycle
the water in var-ious  production processes so that intake and
discharge of water can be significantly reduced. Thus the water
conservation through the recycling of water may enable the factory
to save on the production cost of water. However, as explained
above the factory may have to incur reiatively higher cost for
making resicdual water fit for reuse than the cost it has to in'cur‘
to meet the pollution standards. In this case, the factory’'s

decision about the conserval

ticer of  water depends wxon the net

Savi'ngez in the cost of water gain  due to fall in the
praduction cost of water - L.i

aodue to dincrease in the cost of
treatment of polluted water). ‘



MNone of the units surveved in the Gangetic basin has
been practicing  water conservaltion  methods.  This  is espeoted
because, the cost of production of vater in this region is  very
low., Table 17.3 sru{sa that the social cost of producing water for
‘various factories in this region varies between Rs @.16 to Fs

@.61. However, in the dry regions, where the demand for water far
. exceeds it supply. there are economic gains  from  water
| Cmservatim. We have good examples of water conservation from
,-sane of the factories we have visited. (Tamil Nadu Fetro

Chemicals, HMadras and Zuari 6gro Chemicals, Goa)d. The Madras

Metro Water Supply can barely meet ons-third of industrial  demeand
for  water. Given the limited potable ground water resouross,

there are governmental regulaticns o the industries to tap groond
water in Madras industrial areas. Thee Tamdl Madu Fetro Chemicals
spends arocund Rs.47 per FL to conserve water for cooling purposes.
The Zuari Agro Chemicals, BGoa has  adopted water conservation
methods due to very limited supply of water from municipality. In
this factory, 90 per cent of r'E&s.i.c:lL.na’:z I owater 1s  recycled in fhe
various production processes and as it is  already prointed cut it

e

spends around Rs.32.57 per FL of water on conservation.

There are significant economic gains  from  water
conservation by the municipalities and industries. These are 1N
the form of generation of energy, production of manure, alga,
fish, biogas apart from the pollution control. For example, the
benefits from waste waters of 27 class 1 cities of Ganga basin
fwhich amount to 902 million litres per day) are estimatexd to  be

Rs.37.00 per capita (Tyagi, Sengupta and Chakrabarty, 19693 .

-



TARLE 17.3

COST OF WATER SUPPLY ~ PER Kl.

Name of the Units Tubewve] 1 River Water
Resource Total FResowrce  Social
cost cost  cost cost

1. Karam Chand & Bros., Uhnao 0.127 D.164 - ot
2. TAFCD, Kanpur 2.139 2.180 - -
. Bata India, Calcutta - - 0.270 9.423
4. Muir Mills, Eanpur . @.133 @.16%9 - ~
e J.K. Cotton Mills, Fanpar 2.185 . 244 - -
4. Lakshmi Rattan Cotton @.197 @.259 - -
Mills, Kanpur
. 7« New Victoria Mills,.kanpur 2.15% @.199 - -
8. Elgin Mills (Unit-1), 0.69 2.53 - =
2. I.E.L. Ltd., FKanpur 0.20 0.27 2.073% ﬁ."l@
19. Hindustan Vegetables ?.159 .7205 - N
Corpn. Ltd. Eanpur
1. Motilal Padampat Lklyox Q.260 0.740 -
Ltd
12. Vegetable 0Dil, Calcutta @.441 @.591 - -.
13. Kanpur Jal Sansthan, 2.21 2.29 - -
tanpur
Note: Cost has been calculated taking the rate of discount as 1@ and
the life of the tubewell equal to 1S years. '
¥ Zuari is taking water from  Goa Municipal Corporation. If is

paying Rs 2.90 per K1, of water used.
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'17.4 Pollution Taxes Based on the Method of Public Utility
Pricing

The alternative mettod of  levying pollution taces
which is described in Chapter IIl, Section 4 regards a municipal

sewage treatment plant as a public utility supplying  dointly

services for treating different water borne industrial polictants,

This method requires uniform ta

s o each pollutant across the
Cindustries. For example, there may e a uniform tax per wiit  of
BOD or COD on the industries. The tad on each pollutant is based
on the full cost of its treatment. Thus there will be differential

tases by pollutants and wniform te acrose the industries.

The problem of fixing pollution taxes by  this  mesthod
is similar to the problem  of  {oxing prices for the sersioss
T jointly supplied by a public utility. s 1t is normally the  case
of a public utility, there may be coononies of scale in the joint
treatment of different water borme residuals by a municipal sewags
treatment plant. Thus there are joint costs and attributable cost
~of the plant. The full cost of treating each pollutant can be
estimated by following a method described Ain Chapter 111,
Section . |

For esample, 1if the Central Ganga Authority wants to
invest on ET plants at different places (say Hardwar, Fanpoe,
Ranaras and Howrah) it may  recover the full cost of pollobion
treatment by following the public utility pricing approach. 1t may
not be difficult for this authority to estimate the full  cost of
treatment  of pach  pollutant since it possesses  the full

1l costs of each ET plant.

irformation about joint and attraibwtab



17.5 Enviromental Standards.

The first best pollotion taxes that are discussed  in
Chapter Il requires the sstimation of damages from environmental
pollution. Since pollution  is  an external diseconomy  of
industrial developreit, 1bts damages accrue to a large m_lmt:ér of
gconomic activities. The cost of collecting data  for the
estimation of these dameges can be prohibitively high. The taxes
- standards apprcmf.:zh, Thee second best solution for the pollution
control that is adopted in this study avolids the difficult problem

of  estimating damages. It requires that the pollution standards

have to be determined through a political process  that  involves
receivers as well as generators of pollution. Ay pollution
standards that are fi:

! without ascertaining the views of
pollutees camnot be regarded as national standards. The minimum
national standards (MINGSY for environmental pollution developed
ry Central Folluticom Cootrol  Board (CFCRY in India suffer -from

this limitation.

The MIMGE heee Desn developed by (FCE for  effluents
from about 15 specific  industrial categories and work is in
progress for other indugtries as well. Th=  pollution standards
are developed by OFUE on the basis of costs of various
technological options for effluent  treatment. ‘ Typically MINAS
were selected w0 as 'lt.(:;» keep the cost of pollution control to a
fraction of one per cent of the annual turmover of the  individual
firm. That  meansz  ths  interests of  industiry  (polluter) are
accounted  for while neplscting  the damages receive by the

polluters in determining MINGG by CFCR.
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The problem of +ixing effluent standards may  be

tackled satisfactorily by setting them in  two stages. I the

first stage national level standards can be set. These standards
are bazed on technological and economic considerations  alone  and
apply to industries in disregard to their location. In the second
stage, mole stringent standards can further be imposed on the
industries depending upon the local or regional water guality
requirements. The MINAS developed by CFCB corréespond to first
stage standards described above which actually take cerse of
interests of  industry alone. It 1z only standards developed in
the second stage to suit the local shvirommental conditions, which

may be directly related to damages recelved by the polluters.

17.6 Scale Economies in Follution Treatment and the Methods of
Pollution Control

Studies iﬁ water pollution control in India and abroad
{(Dasgupta and Murty, 1983) show that there are scale economies in
the treatment of polluted water. That means it is economical to
treat higher volure of residual  water  in relation to lower
volumes. Thus the resource cost of treating a Bl of residual water
is lower for a big industrial unit than that for a smaller unit.
For example, a detailed study on the social cost of  water
pollution control in big and small paper mills in India  show that
the social cost of water pollution control per tonne of paper
produced is Rs 145 for a mill of 1@ toones per day capacity while

it is FRe @ for a mill producing 115 tonnes of paper per day.

Table 17.1 provides estimates of social cost of  water el Tution
control  per tonne of papér' procuced by small and big paper mills

in India.
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TAKE 17.4

SOCIAL COST OF WATER POLLUTION CONTROL FER
TOMNE OF FAFER PRODUCED BY EBIG AND SMALL
FAFER MILLS IN INDIA

Capacity 19 15 2 I 115
(tomnes per day)

Cost (Rs) 1A 125 114 14 =

Sonwrce: Dasgupts and Pty

Tree o

g RTINS

i the water pollubion

control  sugoe

A%

v nob econcmioal for the govermment to

amaller wnite  to b thesir  oay effluent treatment (BT

plamts. Instead, b resoocce cost minmisaticon requires  the

treatment  of  combirex]  effluents of a mumber of smaller units by

the end-of-pipe  trea methods.  Therefors, water pollution
control  boards o local sodministration can have sewage treatment

clal

plants= to trealt the oo! ey = from smaller wnits

and  the cost of  w00h slants may be

magh pol ot ioe

3 o hle s units,  In the

cf higger

andustrial  units bl may be provided with the opticon of edtber

paying the polluticon v (price for the services rendered by the

ernment  for breetiog effluents) or having theilr own BT plants.

The pollution

sller and bigger wnits may be  fixed by

following the =
ancd TII.

taxes approach described in chapters 11

17.7 Poellution Taxes Rased on the Method of Public
Utility Pricing

Thes sl beprs b oo matbend o 1

g pollution  taves

wihich i clesoribe T N L U O

4 yegyar

@oa mnicipal
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sewage treatment plant as & poblic ubility supplying  jointly
services for treating different water borme industrial pollutants.
This method requires uniform taxes on each pollutant across the
Andustries. For example, there may be a uniform tax per unit of
BOD or COD on the industries. The tax on each pollutant is basa:l
on the full cost of its treatment. Thus there will be
differential taxes by pollutants and uniform taxes across the

Cindustries.

The problem of fixing pollution taxes by this method
is similar to the problem of fizing prices for the services
Jointly supplied by a public utility. Az it is normally the case
of a public utility, there may be sconomies of scale in the joint
“treatment of different water borne residuals by a municipal sewage
treatment plant. Thus there are joint costs and attributable cost
of the plant. The full cost of treating each pollutant can be
.estimated by following a method described in Chapter 111, Section

-r
i

_ For example, if the Central Ganga Authority wants  to
Cinvest on ET plants at different places (say Hardwar, Fanpur
Eiénaras and Howrah) it may recover the full cost of pollution
treatment by following the public utility pricing approach. It
may not be difficult for this authority to estimate the full cost
of treatment of each pollutant  since it possesses  the full

information about joint and attributable costs of each ET plant.

The treatment of combined effluent of industries may
e having  some limitations. T Joint effect of water borve
chemicals from different industries may make the residual  waters
more  toxic and increase the cost of treatment in comparison o a

' éituaticn where they are treated/recovered at individual factory
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level. Therefore, the above prescribed method of pricing of
pollutants may be more suitable for an effluent  treatment plant
set up for trea’cmg the collected effluents of various factories
in a given industry. fis pointed out  already, there are scale
econonies of effluent treatment in & given industry and 1t may be
economical to have a common effluent treatment plant for éHlL.tmts
of different firms of an industry, especially when the firms are
small and located in clusters. Therefore, the public utility
pricing approach described in Chapter III for fizing pollution
taxes may be described as an appropriate method in this type. of

situations.
17.8 Pollution Subsidies for an Isolated Small Factory

The presence of economies of scale in the water
pollution treatment makes the treatirent of combined effluents of a
cluster of small industrial units economical. However, if the
sanall wits are scattered geographically it is not economical to
have effluent treatment plant for sach unit. Especially, if there
are scale diseconomies in the output production (as in paper and
pulp industry in India), a pollution subsidy may bave to be given
to a geographically idsolated emaller unit for having its own

effluent treatment plant.

17.9 Some Problems Associated with Effluent Charges
on an Industry

In conclusion, ws would like to indicate some of the

problems  arising out of the imposition of effluent f:.harge o &

industry. To begin with such a step would have the consequence of

raising the cost of production as effluent charge is  like vy

other cost to the industrvy. The burden of this charge/tar may be

shifted to the consumer, the edtent of which will however cepend
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upon  the elasticities of supply and demand for the goods in
question, This is likely to adversely affect the competitive
power of the industry and may eventually retard the pace of
industrial development. The relative weights that can e assigded

to the competing objectives of development and environment
preservation wcn-_tld however depend largely on the pecepation of the
policy makers. Before levying effluent charge one must also
ascertain the likely costs that an industry may have to incur to
instal effluent treatment plant in order to meet the MINAG. It
should bowever be pointed out that in fixing the  MIMNAS,
consideration is given to the commercial wviability of the
industry. In prescribing levels of effluent discharges the
~location of the industry should alsc be taken into accouwnt. In
:"-""the context of location, water conservation practices assume
particular significance in dry or water scarce regions. In such
situations pollution abatement tarxes will have to be levied in
such a way as to induce the industries to practice recycling and
reuse of water. In the wet regions like the gangetic basin where
water is abt.m‘dant concern for water conservation is less acute, _
and effluent charges would be «o designed as to compel the
industries to merely meet the prescribed standards. Clearly as
already mentioned the effluent charges in the dry regions would

necessarily be higher than those in wet regions.

frother important issue relates to the guestion of how
to recover the costs incurred in treating the water residuals in
the discharge for the prescribed pollution standards relevant to .
the ultimate recovering media. Clearly the pollution taxes would
differ with respect to the recieving media of the effluent. If
the effluents are received by the municipal sewers, there will be
a sewer tax to induce the industry to treat the residual water as

per  the standards relevent for public sewers. Further, there
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should be pollution tax by the local authorities to meet the cost
of treatment of effluent in public sewers as per the standards

relevant for the ultimate receiving media (reivers, maring coastal

water etc,) The possibility of the reuse of treated sewer water

by industries should also ke explored more seriously, especially
in the water scarcity regions. e should like to conclude by
stating that in general effluent charges are to be preferred to
effluent standards, not merely btecause effluent charges provide
revenues but also requires less  information base to implement

pollution control and water conservation.
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